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Abstract

Background Patient-reported outcome measures such as
the Patient-Reported Outcomes Measurement Information
System (PROMIS) allow surgeons to evaluate the most
important outcomes to patients, including function, pain,
and mental well-being. However, PROMIS does not pro-
vide surgeons with insight into whether patients are able to

successfully cope with their level of physical and/or mental
health limitations in day-to-day life; such understanding
can be garnered using the Patient-acceptable Symptom
State (PASS). It remains unclear whether or not the PASS
status for a given patient and his or her health, as evaluated
by PROMIS scores, differs based on sociodemographic
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factors; if it does, that could have important implications
regarding interpretation of outcomes and fair delivery of
care.

Questions/purposes In a tertiary-care foot and ankle
practice, (1) Is the PASS associated with sociodemo-
graphic factors (age, gender, race, ethnicity, and income)?
(2) Do PROMIS Physical Function (PF), Pain Interference
(PI), and Depression scores differ based on income level?
(3) Do PROMIS PF, PI, and Depression thresholds for the
PASS differ based on income level?

Methods In this retrospective analysis of longitudinally
obtained data, all patients with foot and ankle conditions
who had new-patient visits (n = 2860) between February
2015 and December 2017 at a single tertiary academic
medical center were asked to complete the PROMIS PF,
PI, and Depression survey and answer the following sin-
gle, validated, yes/no PASS question: “Taking into ac-
count all the activity you have during your daily life, your
level of pain, and also your functional impairment, do you
consider that the current state of your foot and ankle is
satisfactory?” Of the 2860 new foot and ankle patient
visits, 21 patient visits (0.4%) were removed initially be-
cause all four outcome measures were not completed. An
additional 225 patient visits (8%) were removed because
the patient chart did not contain enough information to
accurately geocode them; 15 patients visits (0.5%) were
removed because the census block group median income
data were not available. Lastly, two patient visits (0.1%)
were removed because they were duplicates. This left a
total 0f 2597 of 2860 possible patients (91%) in our study
sample who had completed all three PROMIS domains
and answered the PASS question. Patient sociodemo-
graphic factors such as age, gender, race, and ethnicity
were recorded. Using census block groups as part of a
geocoding method, the income bracket for each patient
was recorded. A chi-square analysis was used to determine
whether sociodemographic factors were associated with
different PASS rates, two-way ANOVA analyses with
pairwise comparisons were used to determine if PROMIS
scores differed by income bracket, and a receiver operating
characteristic (ROC) curve analysis was performed to
determine PASS thresholds for the PROMIS score by in-
come bracket. The minimum clinically important differ-
ence (MCID) for PROMIS PF in the literature in foot and
ankle patients ranges from about 7.9 to 13.2 using anchor-
based approaches and 4.5 to 4.7 using the ‘2 SD,
distribution-based method. The MCID for PROMIS PI in
the literature in foot and ankle patients ranges from about
5.5to 12.4 using anchor-based approaches and about 4.1 to
4.3 using the Y2 SD, distribution-based method. Both were
considered when evaluating our findings. Such MCID
cutoffs for PROMIS Depression are not as well established
in the foot and ankle literature. Significance was set a priori
atp <0.05.
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Results The only sociodemographic factor associated with
differences in the proportion of patients achieving PASS
was age (15% [312 of 2036] of patients aged 18-64 years
versus 11% [60 of 561] of patients aged = 65 years; p =
0.006). PROMIS PF (45 = 10 for the = USD 100,000
bracket versus 40 = 10 for the = USD 24,999 bracket,
mean difference 5 [95% CI 3 to 7]; p < 0.001), PI (57 £ 8
for = USD 100,000 versus 63 *= 7 for = USD 24,999,
mean difference -6 [95% CI -7 to -4]; p < 0.001), and
Depression (46 = 8 for the = USD 100,000 bracket versus
51 £ 11 for = USD 24,999, mean difference -5 [95% CI -7
to -3]; p < 0.001) scores were better for patients in the
highest income bracket compared with those in the lowest
income bracket. For PROMIS PF, the difference falls
within the score change range deemed clinically important
when using a 2 SD, distribution-based approach but not
when using an anchor-based approach; however, the score
difference for PROMIS PI falls within the score change
range deemed clinically important for both approaches.
The PASS threshold of the PROMIS PF for the highest
income bracket was near the mean for the US population
(49), while the PASS threshold of the PROMIS PF for the
lowest income bracket was more than one SD below the US
population mean (39). Similarly, the PASS threshold of the
PROMIS PI differed by 6 points when the lowest and
highest income brackets were compared. PROMIS De-
pression was unable to discriminate the PASS.
Conclusions Discussions about functional and pain goals
may need to be a greater focus of clinic encounters in
the elderly population to ensure that patients understand
the risks and benefits of given treatment options at their
advanced age. Further, when using PASS in clinical
encounters to evaluate patient satisfaction and the ability to
cope at different symptom and functionality levels, sur-
geons should consider income status and its relationship to
PASS. This knowledge may help surgeons approach
patients with a better idea of patient expectations and which
level of symptoms and functionality is satisfactory; this
information can assist in ensuring that each patient’s health
goal is included in shared decision-making discussions. A
better understanding of why patients with different income
levels are satisfied and able to cope at different symptom
and functionality levels is warranted and may best be ac-
complished using an epidemiologic survey approach.
Level of Evidence Level Il1, diagnostic study.

Introduction

Use of patient-reported outcome measures (PROMs) allow
surgeons to evaluate clinical outcomes that matter most to
patients, and there is a growing call to expand their use in
routine clinical care [3]. Several validated PROMs have
been used in research and in clinical settings, including the
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Patient-Reported Outcomes Measurement Information
System (PROMIS) [11]. PROMIS is a universal PROM
developed with the support of the National Institutes of
Health that provides an innovative way to measure outcomes
normed to the US population [5]. PROMIS domains
provide a measure of general health and can complement
disease-specific PROMs such as the Foot and Ankle Ability
Measure, Hip Disability and Osteoarthritis Outcome Score,
and Knee Disability and Osteoarthritis Outcome Score.

However, while PROMIS has been validated for several
patient factors across the population [5], there is a paucity of
studies evaluating whether PROMIS scores differ based on
sociodemographic factors. Examples of sociodemographic
factors include age, gender, race, ethnicity, and income [21].
We are only aware of two sociodemographic factor-focused
studies using the PROMIS, in patients with hand conditions,
which are both limited in scope [16, 23]. Therefore, how
surgeons best tailor care using PROMIS based on socio-
demographic factors is unclear. While PROMIS provides
insight into a patient’s symptom and functional level com-
pared with the US population, it does not provide insight
into a patient’s ability to cope with their current health status.
Such understanding can be discerned using the Patient-
acceptable Symptom State (PASS), a single question that
determines a patient’s ability to adapt to his or her current
health status by evaluating whether the patient’s current
symptom and activity levels are satisfactory [1, 13, 15].
Thus, it may provide a convenient way for patients to ex-
press their feelings associated with their level of symptoms
and overall health. However, the relationship between
sociodemographic factors, PROMIS, and PASS scores in
foot and ankle patients has not been clearly defined.

Therefore, in a tertiary-care foot and ankle practice, we
asked: (1) Is the PASS associated with sociodemographic
factors (age, gender, race, ethnicity, and income)? (2) Do
PROMIS Physical Function (PF), Pain Interference (PI),
and Depression scores differ based on income level? (3) Do
PROMIIS PF, PI, and Depression thresholds for the PASS
differ based on income level?

Patients and Methods
Patient Sample

The appropriate institutional review board approved this
study, which is a retrospective analysis of longitudinally
obtained data. Between February 2015 and December
2017, all new patients (n = 2860) presenting to the ortho-
paedic foot and ankle clinic at an urban, tertiary care, ac-
ademic medical center were asked to complete the
PROMIIS PF, PI, and Depression computer adaptive tests
on Apple iPads (Apple, Cupertino, CA, USA) as part of
routine clinical care [17]. In addition to PROMIS domains,

patients were also asked a single, validated, yes/no ques-
tion known as the PASS. To be included in our study,
patients were required to have answered all PROMs. Of the
2860 new foot and ankle patient visits, 21 patient visits
(0.4%) were removed initially because all four outcome
measures were not completed. An additional 225 patient
visits (8%) were removed because the patient chart did not
contain enough information to accurately geocode them,;
15 patient visits (0.5%) were removed because the census
block group median income data were not available.
Lastly, two patient visits (0.1%) were removed because
they were duplicates. This led to our final sample of 2597
patients (91%) (Fig. 1).

Patient characteristics including age (18-65 years or older
than 65 years), gender (man or woman), self-reported race
(white, black, other, or missing data), and ethnicity (His-
panic, non-Hispanic, or missing data) were determined from
patient medical records. Census block groups were identified
for each patient based on their address on the date of their
new-patient visit. Patient median income was determined
using block-level data from the 2017 American Community
Survey 5-year Estimates (https:/factfinder.census.gov).

We converted income to six brackets based on the me-
dian income, as follows: = USD 24,999, USD 25,000-USD
34,999, USD 35,000-USD 49,999, USD 50,000-USD
74,999, USD 75,000-USD 99,000, and = USD 100,000.
Although individualized measures are preferred, a great deal
of research involving income now uses validated area-based
status measures because of the lack of individual data in
clinical settings [12, 16, 23].

Although our sample was generally similar to the pop-
ulation of the surrounding county, it included slightly more
women and fewer black and Hispanic patients (Table 1)
[20]. The median income (USD) of our patients was higher
than that of people in our county (Table 1) [20].

PROMs Used

The PROMIS is a reliable, general PROM normed to the
population with a mean t-score of 50 and an SD of 10 [5, 8,
14]. Higher PROMIS PF scores indicate better physical
function compared with lower PROMIS PF scores. Lower
PROMIS PI and Depression scores indicate decreased pain
interference and lower depression, respectively, compared
with higher scores. The minimum clinically important
difference (MCID) for PROMIS PF in the literature in foot
and ankle patients ranges from about 7.9 to 13.2 using
anchor-based approaches and about 4.5 to 4.7 using the 2
SD, distribution-based method; the MCID for PROMIS PI
in the literature in foot and ankle patients ranges from about
5.5to 12.4 using anchor-based approaches and about 4.1 to
4.3 using the %2 SD, distribution-based method [10]. Such
MCID cutoffs for PROMIS Depression are not as well
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Foot And Ankle New Patient Visits At Which PASS,
PROMIS PF, PI, And Depression Were Administered

n=2860

Foot And Ankle New Patient Visits At Which
PASS, PROMIS PF, PI, And Depression Were
Administered And Completed

n=2839

Foot And Ankle New Patient Visits At Which
All PROMs Were Completed And The Patient’s
Income Bracket Could Be Determined

n=2597

PASS, PROMIS PF, PI, And/Or Depression
Were Not All Completed (n = 21)

Patient Chart Did Not Include Enough Information
To Accurately Geocode Them (n = 225)

Census Block Group Median Income Data Was Not
Available (n = 15)

Duplicate Patient Visits (n = 2)

Fig. 1 This STROBE diagram illustrates the pathway from the total possible patient sample

to the final sample used for all analyses.

established in the foot and ankle literature. Both the dis-
tribution- and anchor-based approaches were considered
when evaluating our findings. The computer-adaptive
testing approach commonly employed when administer-
ing PROMIS allows for greater precision in measuring
outcomes with fewer questions asked [6]. Further, col-
lecting PROMs using Apple iPads has been shown to be
more efficient than and preferable to traditional pen-and-
paper collection methods [24].

In addition to PROMIS domains, patients were also
asked a single, validated, yes/no question known as the
PASS; as previously noted, this question determines a
patient’s ability to adapt to his or her current health status
by evaluating whether the patient’s current symptom and
activity levels are satisfactory [1, 13, 15]. The PASS
question is: “Taking into account all the activity you have
during your daily life, your level of pain, and also your
functional impairment, do you consider that the current
state of your foot and ankle is satisfactory?”

Statistical Analysis

To answer our first question, we conducted a chi-square
analysis of each dichotomous variable and the PASS. In
addition, for the race and ethnicity variables, white was
compared with black race and Hispanic was compared with
non-Hispanic ethnicity. Further, for income, a chi-square
analysis was used across income brackets to determine
whether the PASS was associated with the median
income level.

{
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Our second question was answered using a two-way
ANOVA with pairwise comparisons. In the two-way
ANOVA, income level was the first factor and a PROMIS
domain was the second; this allowed us to assess differ-
ences between income levels for each PROMIS scale.
Gender and age were included as covariates in this analysis.

Lastly, the third question was answered using a receiver
operating characteristic (ROC) curve analysis. The receiver
operating characteristic curve analysis allowed us to de-
termine the threshold of the PASS for each PROMIS domain
in the entire sample and for each income bracket. The PASS
threshold is the PROMIS score cutoff that differentiates those
who reach PASS compared with those who do not. The area
under the curve and its respective 95% CI was reported to
understand the overall accuracy of each PROMIS domain in
determining the PASS. The shortest distance to “no errors” of
the ROC curve was used to objectively determine thresholds.
The shortest distance to “no errors” on the ROC curve was
also visually assessed to assure that the identified threshold
was consistent with the overall minimum. The sensitivity and
specificity were reported for each threshold to assess the
ability of the selected threshold to discriminate patients in
each income bracket. For all analyses, SPSS Statistics V25
(IBM Corp, Armonk, NY, USA ) was used. Significance was
set a priori at p < 0.05.

Results

The only sociodemographic factor associated with the
proportion of patients achieving PASS was age (15% [312
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Table 1. Patient characteristics

Monroe County, NY, USA (%)

Sociodemographic factor Study sample, mean (%) (n = 2597) (population > 18 years old = 590,637)*

Age (years)

18-64 2036 (78) 463,538 (78)
= 65 561 (22) 127,099 (22)
Gender
Women 1598 (62) 307,131 (52)
Race
White 2358 (91) 454,790 (77)
Black 144 (6) 94,501 (16)
Other 85 (3) 41,344 (7)
Missing data 10 (0.4)
Ethnicity
Hispanic 51 (2) 51,976 (9)
Non-Hispanic 2541 (98) 413,445 (70)
Missing/unreported 5(0.2) 124,033 (21)

Median income, mean (range) USD 68,857 (USD 9724-USD 182,813) USD 55,272 (N/A)

PASS
No 2225 (86) N/A
PROMIS score (SD)
PF 43 (10) N/A
Pl 59 (8) N/A
Depression 48 (9) N/A

*Estimate; PASS = Patient-acceptable Symptom State; PROMIS = Patient-reported Outcomes Measurement Information System;

PF = Physical Function; Pl = Pain Interference.

0f 2036] of patients aged 18 to 64 years versus = 11% [60
of 561] of patients aged 65 years; p = 0.006) (Table 2).
However, the proportion of patients achieving PASS did
not differ by gender (15% [245 of 1598] of women versus
13% [127 of 999] of men; p = 0.064), race (14% [324 of
2358] of patients who were white versus 19% [28 of 144]
of patients who were black; p =0.056), ethnicity (16% [8 of
51] of patients who were Hispanic versus 14% [371 of
2592] of patients who were non-Hispanic; p = 0.780), or
income (15% [13 of 89] of patients earning = USD 24,999
versus 14% [16 of 118] of patients earning USD 25,000 to
USD 34,999 versus 14% [60 of 429] earning USD 35,000
to USD 49,999 versus 15% [157 of 1083] earning USD
50,000 to USD 74,999 versus 15% [75 of 505] USD 75,000
to USD 99,999 versus = 14% [51 of 373] earning USD
100,000; p = 0.900).

Mean PROMIS PF was 45 £ 10 for patients in the =
USD 100,000 income bracket versus 40 = 10 for patients
in the = USD 24,999 bracket (mean difference 5 [95% CI 3
to 7]; p <0.001) (Table 3). Mean PROMIS PI was 57 = §
for the = USD 100,000 bracket versus 63 = 7 for the =
USD 24,999 bracket (mean difference -6 [95% CI to 7 to
-4]; p <0.001) (Table 4). The mean PROMIS-Depression
scores were better for patients in the highest income bracket

compared with those in the lowest income bracket (46 = 8
for the = USD 100,000 income bracket versus 51 * 11 for
the = USD 24,999 bracket, mean difference -5 [95% CI -7
to-3]; p<0.001) (Table 5). For PROMIS PF, the difference
falls within the score change range deemed clinically im-
portant when using a % SD, distribution-based approach
but not when using an anchor-based approach; however,
the score difference for PROMIS PI falls within the score
change range deemed clinically important for both
approaches. Patients in the highest income bracket dem-
onstrated better mean PROMIS PF scores than did those in
any of the other income bracket (45 = 10 for = USD
100,000 versus 40 = 10 for = USD 24,999, mean differ-
ence 5 [95% CI 3 to 7]; p < 0.001; 45 = 10 for = USD
100,000 versus 41 = 10 for USD 25,000 to USD 34,999,
mean difference 4 [95% CI 2 to 6]; p < 0.001; 45 = 10
for = USD 100,000 versus 41 = 9 for USD 35,000 to USD
49,999, mean difference 3 [95% CI 2 to 5]; p<0.001; 45 =
10 = USD 100,000 versus 43 = 10 for USD 50,000 to
USD 74,999, mean difference 2 [95% CI 1 to 3]; p=10.001;
45 = 10 for = USD 100,000 versus 43 *= 10 for USD
75,000 to USD 99,999, mean difference 1 [95% CI 0 to 3];
p=0.029) (Table 3). Only the mean difference between the
lowest income bracket and the highest income bracket was
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Table 2. Comparison of PASS based on sociodemographic
status factors

Sociodemographic PASS,  No PASS,

factor n (%) n (%) p value

Age (years) 0.006
18-64 312 (15) 1724 (85)
=65 60 (11) 501 (89)

Gender 0.064
Women 245 (15) 1353 (85)

Men 127 (13) 872 (87)

Race 0.056
White 324 (14) 2034 (86)

Black 28 (19) 116 (81)

Ethnicity 0.780
Hispanic 8 (16) 43 (84)
Non-Hispanic 363 (14) 2178 (86)

Income 0.900
= USD 24,999 13 (15) 76 (85)

USD 25,000-USD 34,999 16 (14) 102 (86)
USD 35,000 USD 49,999 60 (14) 369 (86)
USD 50,000-USD 74,999 157 (15) 926 (86)
USD 75,000-USD 99,999 75 (15) 430 (85)
= USD 100,000 51 (14) 322 (86)

PASS = Patient-acceptable Symptom State.

clinically important when using the %2 SD, distribution-
based approach for determining MCID; no PROMIS PF
mean differences were clinically important when using
the anchor-based approach for determining the MCID.
PROMIIS PI patients in the highest income bracket dem-
onstrated better mean PROMIS PI scores than did those in
any of the other income bracket (57 = 8 for = USD
100,000 versus 63 = 7 = USD 24,999, mean difference -6
[95% CI -4 to -7]; p < 0.001; 57 £ 8 for = USD 100,000
versus 61 = 8 for USD 25,000 to USD 34,999, mean dif-
ference -4 [95% CI-2 to -5]; p <0.001; 57 = 8 for = USD
100,000 versus 60 = 8 for USD 35,000 to USD 49,999,
mean difference -3 [95% CI -2 to -4]; p < 0.001; 57 = 8
for = USD 100,000 versus 59 = 8 for USD 50,000 to USD
74,999, mean difference -2 [95% CI -3 to -1]; p<0.001; 57
=+ 8 for = USD 100,000 versus 59 = 8 for USD 75,000 to
USD 99,999, mean difference -2 [95% C, -1 to -3]; p <
0.001) (Table 4). Only the mean difference between the
lowest income bracket and the highest income bracket was
clinically important when using the %2 SD, distribution-
based approach or anchor-based approach for determining
MCID. For PROMIS Depression, the highest income
bracket’s mean PROMIS scores were only lower than those
in the three lowest income brackets (= 46 *= 8 for USD
100,000 versus 51 = 11 for = USD 24,999, mean difference
-5[95% CI -7 to -3]; p <0.001; 46 = 8 for = USD 100,000

am—

{=), Wolters Kluwer

=

versus 50 = 10 for USD 25,000 to USD 34,999, mean
difference -4 [95% CI -6 to -2]; p<0.001; 46 = 8 for = USD
100,000 versus 49 £ 9 for USD 35,000 to USD 49,999,
mean difference -2 [95% CI -1 to -4]; p < 0.001) (Table 5).

Threshold PROMIS scores for all three domains dif-
fered based on income levels, especially from the highest
income bracket to the lowest income bracket. In addition,
the ability of PROMIS scales to discriminate the PASS
showed that the PROMIS PF and PI had higher area under
the curve (AUC) values than did the PROMIS Depression.
Opverall, the PROMIS scores to achieve the PASS (“PASS
threshold”) were worse for lower-income patients than for
higher-income patients (Table 6). For the PROMIS PF and
PI, the AUC values across income brackets ranged from
0.59 to 0.79 (Table 6). An AUC value of 0.5 mean the
PROMIS score threshold is no better than chance at de-
termining PASS, while an AUC value of 1 means the
threshold perfectly discriminates who will or will not
achieve PASS. The difference between thresholds for the
PROMIS was 10 points when we compared the lowest and
highest income brackets (Table 6). The PASS threshold of
the PROMIS PF for the highest income bracket was near
the mean of the US population (49), while the PASS
threshold of the PROMIS PF for the lowest income bracket
was more than one SD worse than the US population mean
(39) (Table 6). Similarly, the PASS threshold of the
PROMIS PI differed by 6 points when we compared
the lowest and highest income brackets (Table 6). The
PROMIS PI threshold for the highest income bracket was
near normal for the US population (53), while that for the
lowest income bracket was nearly one SD worse than
normal (59) (Table 6). The PROMIS Depression showed
poor ability to determine the PASS (Table 6).

Discussion

PROMs, such as PROMIS, provide surgeons a validated
way to evaluate clinical outcomes that matter most to
patients; however, such tools do not provide insight into the
ability of patients to cope successfully with their current
symptom and functional status. In contrast, PASS, a single,
validated, yes/no question determines a patient’s ability to
adapt to his or her current health status. While both PROMIS
and PASS may add value to patient care, there is limited
work evaluating the relationship between the two instru-
ments, including when considering patient sociodemo-
graphic factors such as income. We found that only age was
associated with a difference in the PASS rate, while gender,
race, ethnicity, and income bracket were not. Second,
patients in lower income brackets reported worse symptoms
(PROMIS domain scores) than did those in higher income
brackets with the difference between the highest and lowest
income bracket for PROMIS PF being clinically important
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Table 3. Two-way ANOVA with pairwise comparison to evaluate differences in mean PROMIS PF scores by income bracket*

Income bracket: mean PROMIS PF score (SD) (horizontal column) versus mean PROMIS PF score (SD) (vertical column)

< USD 24,999

Income bracket (n=89) 34,999 (n =118)

USD 25,000to USD USD 35,000to USD USD 50,000to USD USD 75,000 to USD
49,999 (n = 429)

74,999 (n = 1083) 99,999 (n = 505)

= USD 24,999 (h=89)
p value

UsSD 25,000-USD
34,999 (n = 118)
p value

USD 35,000-USD
49,999 (n = 429)
p value

USD 50,000-USD
74,999 (n = 1083)
p value

UsSD 75,000-USD
99,999 (n = 505)

40(10) vs.41(10)

p = 0.365

40 (10) vs. 41 (9) 41 (10) vs. 41 (9)

p = 0.203
40 (10) vs. 43 (10)

p =0.838
41 (10) vs. 43 (10)

p = 0.005
40(10) vs.43 (10)

p = 0.057
41 (10) vs. 43 (10)

p value p = 0.002 p =0.024

= USD 100,000 40(10)vs.45(10) 41 (10) vs. 45 (10)
(n=373)

p value p < 0.001 p < 0.001

41 (9) vs. 43 (10)

p = 0.004

41 (9) vs. 43 (10) 43 (10) vs. 43 (10)

p = 0.001
41 (9) vs. 45 (10)

p = 0389

43 (10) vs. 45 (10) 43 (10) vs. 45(10)

p < 0.001 p = 0.001 p = 0.029

*Covariates include age and gender; PROMIS = Patient-reported Outcomes Measurement Information System; PF = Physical

Function.

when evaluated using a ¥ SD, distribution-based method for
calculating MCID but not when using an anchor-based ap-
proach for calculating MCID. However, the difference be-
tween the highest and lowest income bracket for PROMIS
PI was clinically important when evaluated using either
calculation approach for MCID. Third, low-income patients
had a PASS that was associated with far worse symptoms
(up to approximately one SD worse in the PROMIS
domains) than did high-income patients, which reported
having a PASS when their symptoms were similar to the
average of the US population.

Our study has some limitations. First, we used an area-
based income status measure. Although evaluating in-
dividual income levels may be preferred, previous research
has noted the lack of accurate data on income status in
clinical settings [12]. However, area-based income status
measures, including those determined using a similar
geocoding approach [7], have been used and were found to
be appropriate measurements in orthopaedic studies [16,
23]. Second, our findings may be specific to a tertiary care,
academic institution serving patients with orthopaedic foot
and ankle problems. Future work may consider factors
associated with income (for example, rural versus urban
settings) and other clinical populations at other care sites.
Third, we included all patients with foot and ankle prob-
lems presenting for new-patient visits, regardless of di-
agnosis. There could be differences in pathology, and it is
possible that that PROMIS and PASS may be more useful

for specific diagnoses. However, this work provides an
initial valuable overview that can support care discussions
and guide future work. Fourth, our patient sample had a
smaller number of nonwhite and non-Hispanic individuals
than does the county we serve (Table 1). This finding may
be due to a number of factors, including: (1) lack of health
care access and equity for such individuals; (2) selection of
foot and ankle providers from a competing health system;
(3) lack of foot and ankle pathology in nonwhite and non-
Hispanic individuals; and/or (4) a lack of interest in
seeing a foot and ankle specialist. Given this bias in our
sample, readers should be aware that our findings may not
reflect their own patient populations; thus, surgeons should
use caution in assuming that our PASS thresholds, for
example, are the same for foot and ankle patients in all
settings. Fifth, PROMIS and PASS may not work as well as
we suspect in terms of evaluating and differentiating per-
ception of health, respectively. However, both instruments
have been previously evaluated; nonetheless, surgeons
should ensure that they continue to use their clinical ex-
perience and expertise in conjunction with the information
provided by these tools when providing care.

The only patient sociodemographic factor associated
with differences in the proportion of patients achieving
versus not achieving PASS was age. This finding differs
from previous studies done by Houck et al. [9] and Wright
et al. [22], which showed that there was no difference in
patient age between those achieving versus not achieving
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Table 4. Two-way ANOVA with pairwise comparison to evaluate differences in mean PROMIS Pl scores by income bracket*

Income bracket: Mean PROMIS PI score (SD) (horizontal column) vs. mean PROMIS Pl score (SD) (vertical column)

Income bracket

< USD 24,999 USD 25,000 to USD USD 35,000 to USD USD 50,000 to USD USD 75,000 to USD

(n=89)

34,999 (n = 118)

49,999 (n = 429)

74,999 (n =1083) 99,999 (n = 505)

= USD 24,999 (n = 89)
p value

USD 25,000-USD 34,999
(n=118)

p value

USD 35,000-USD 49,999
(n =429)

p value

USD 50,000-USD 74,999
(n =1083)

p value

USD 75,000-USD 99,999
(n = 505)

p value

= USD 100,000 (n = 373)
p value

63 (7) vs. 61 (8)

p =0.051
63 (7) vs. 60 (8)

p = 0.001
63 (7) vs. 59 (8)

p < 0.001
63 (7) vs. 59 (8)

p < 0.001
63 (7) vs. 57 (8)
p < 0.001

61 (8) vs. 60 (8)

p =0.248
61 (8) vs. 59 (8)

p = 0.040
61 (8) vs. 59 (8)

p = 0.025
61 (8) vs. 57 (8)
p < 0.001

60 (8) vs. 59 (8)

p =0.166
60 (8) vs. 59 (8)

p = 0.096
60 (8) vs. 57 (8)
p < 0.001

59 (8) vs. 59 (8)

p=0.572
59 (8) vs. 57 (8) 59 (8) vs. 57 (8)
p < 0.001 p < 0.001

*Covariates include age and gender; PROMIS = Patient-reported Outcomes Measurement Information System; Pl = Pain

Interference.

PASS. However, the differences may be because we fo-
cused on only foot and ankle patients, while the previous
studies analyzed data from patients presenting to a primary

care provider or who were referred to an outpatient physical
therapist with any musculoskeletal concern [9, 22]. Other
potential reasons may be because the samples in the

Table 5. Two-way ANOVA with pairwise comparison to evaluate differences in mean PROMIS Depression scores by income bracket*

Income bracket: mean PROMIS Depression score (SD) (horizontal column) vs. mean PROMIS Depression score (SD) (vertical

column)

Income bracket

< USD 24,999
(n=89)

34,999 (n = 118)

USD 25,000 to USD  USD 35,000 to USD
49,999 (n = 429)

USD 50,000 to USD  USD 75,000 to USD
74,999 (n = 1083) 99,999 (n = 505)

= USD 24,999 (n =89)
p value

USD 25,000-USD
34,999 (n = 118)
p value

USD 35,000-USD
49,999 (n = 429)
p value

USD 50,000-USD
74,999 (n = 1083)
p value

USD 75,000-USD
99,999 (n = 505)
p value

= USD 100,000
(n=373)

p value

51(11) vs.50(10)

p =0.251

51 (11) vs. 49 (9)

p = 0.006

51 (11) vs. 47 (9)

p < 0.001

51 (11) vs. 47 (9)

p < 0.001

51 (11) vs. 46 (8)

p < 0.001

50 (10) vs. 49 (9)

p=0.124
50 (10) vs. 47 (9)

p = 0.001
50 (10) vs. 47 (9)

p = 0.001
50 (10) vs. 46 (8)

p < 0.001

49 (9) vs. 47 (9)

p = 0.008
49 (9) vs. 47 (9)

p =0.012
49 (9) vs. 46 (8)

p < 0.001

47 (9) vs. 47 (9)

p = 0.800
47 (9) vs. 46 (8) 47 (9) vs. 46 (8)

p = 0.090 p=0.197

*Covariates include age and gender; PROMIS = Patient-reported Outcomes Measurement Information System.
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Table 6. Receiver operating characteristic curve analysis by income bracket for PROMIS thresholds to determine the PASS

Income bracket Area under the curve (95% ClI) Threshold Sensitivity Specificity

All income brackets

PROMIS PF 0.72 (0.69-0.75) 45 68 67
PROMIS PI 0.74 (0.71-0.77) 56 68 70
PROMIS Depression 0.60 (0.57-0.63) 46 58 57
= USD 24,999
PROMIS PF 0.69 (0.53-0.84) 39 85 54
PROMIS PI 0.59 (0.51-0.88) 59 69 76
PROMIS Depression 0.67 (0.53-0.82) 46 62 70
USD 25,000-USD 34,999
PROMIS PF 0.67 (0.52-0.82) 48 56 75
PROMIS PI 0.72 (0.58-0.86) 58 63 70
PROMIS Depression 0.54 (0.39-0.69)
USD 35,000-USD 49,999
PROMIS PF 0.70 (0.62-0.77) 45 58 72
PROMIS PI 0.70 (0.62-0.77) 57 60 68
PROMIS Depression 0.56 (0.49-0.64)
USD 50,000-USD 74,999
PROMIS PF 0.73 (0.68-0.77) 47 63 74
PROMIS PI 0.76 (0.72-0.80) 56 73 72
PROMIS Depression 0.62 (0.58-0.67) 46 64 55
USD 75,000-USD 99,999
PROMIS PF 0.73 (0.66-0.79) 47 69 73
PROMIS PI 0.73 (0.66-0.79) 57 69 63
PROMIS Depression 0.60 (0.53-0.67) 46 57 55
= USD 100,000
PROMIS PF 0.76 (0.69-0.83) 49 75 71
PROMIS PI 0.79 (0.73-0.86) 53 69 77
PROMIS Depression 0.59 (0.52-0.67) 47 63 55

PROMIS = Patient-reported Outcomes Measurement Information System; PASS = Patient-acceptable Symptom State; PF = Physical

Function; Pl = Pain Interference.

previous studies are smaller than ours or because we di-
chotomized age (18-64 years versus = 65 years) to provide
surgeons an easier starting point when engaging in shared
decision-making discussions when using our research,
while the previous studies kept age continuous [9, 22].
Further, Teunis et al. [19] found that age did not affect
patient satisfaction in a sample of patients seeking hand
care. Similar to Houck et al. [9], Teunis et al. [19] kept age
continuous, which may explain the difference in our find-
ings. In addition, instead of using PASS, Teunis et al. [19]
used the Consumer Assessment of Healthcare Providers
and Systems survey, a federally developed tool. Thus, our
findings may differ because of the different instruments
used. Future work can evaluate whether PASS and the
Consumer Assessment of Healthcare Providers and Sys-
tems survey truly capture similar constructs, as measuring
patient satisfaction can be quite challenging [18].

Between the highest and the lowest income bracket
patients, PROMIS PF scores differed at a clinically im-
portant level when using a Y2 SD, distribution-based ap-
proach but not when using an anchor-based approach; in
contrast, PROMIS PI scores differed at a clinically im-
portant level when using either MCID calculation method.
Indeed, high-income patients sought care when less im-
pairment was present compared with low-income patients.
In a study of 403 patients with adolescent idiopathic sco-
liosis, Zavatsky et al. [25] did not find difference in disease
severity as measured by Cobb angle based on income.
However, these findings may differ from ours for a few key
reasons: (1) the authors dichotomized income as below or
above USD 75,000, while we reported income in six
groups; (2) the authors collected income data directly from
patients, while we used a geocoding method; (3) the
authors considered the Cobb angle as a measure of disease
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severity, while we measured clinical outcomes most im-
portant to patients using PROMIS. We feel that in-
corporating both objective disease-related measurements
(such as the Cobb angle) and PROMs are needed to deliver
the highest quality care, as both offer insight needed to
guide treatment discussions and decisions. However, in a
heterogeneous sample of foot and ankle patients, there is no
similar measurement to the Cobb angle for all patients;
thus, in such a population, PROMs may offer the best
method of evaluating patient health, and surgeons should
be aware that regardless of what imaging or other objective
measurements show, foot and ankle patients of lower in-
come status may report clinically worse symptoms at pre-
sentation. This finding is similar to that found in a study of
367 patients presenting with carpal tunnel syndrome,
which showed that patients with higher levels of social
deprivation had worse PROMIS scores than those with
lower levels of social deprivation [23]. Overall, it is im-
portant to note that whether or not there is a true clinical
difference in mean PROMIS scores between patients in
different income brackets is based on the method of cal-
culating the MCID. If surgeons ultimately agree upon a
method of calculating the MCID, our results can be
reevaluated in that light.

Perhaps the most interesting finding of our study is that
the PASS thresholds of the PROMIS PF and PI differed
based on income level. Between the highest and lowest
income brackets, the PASS thresholds of the PROMIS PF
and PI differed by one SD (10 points) and more than one-
half of an SD (6 points) worse than those of the US pop-
ulation, respectively. PROMIS PF and PI showed a modest
level of differentiation for different income levels, while
PROMIS Depression did not provide useful clinical dis-
crimination. Interestingly, this appears to contradict a study
by Barrack et al. [2], which found that patients with lower
income are less satisfied after TKA than patients with
higher income. However, this may not be truly contradic-
tory to our findings, as it is possible that the difference may
be in the fact that if patients of lower income end up re-
ceiving operative care, they then have high clinical out-
come expectations to be satisfied. Future work would need
to determine if this is the case. Nonetheless, the finding that
PASS differs based on income raises an important ques-
tion: Should PASS be used to evaluate patient satisfaction
with health status even though it is affected by patient in-
come? While the simplicity of a single question is enticing,
it is possible that a more robust method of evaluating a
patient’s ability to cope with his or her health status is
warranted to ensure consistency across patient groups. This
would allow surgeons to know whether a patient is truly
satisfied or dissatisfied without having to consider patient
income, which may not be readily available. In its current
form, we believe PASS still offers insight into patient
satisfaction and ability to cope with a given symptom state
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uncaptured by PROMIS; however, patients should then be
stratified by income to compare “apples to apples.” An
updated PASS question or series of questions, if needed,
that risk-adjusts for income would be beneficial. Future
work should aim to accomplish this goal.

In conclusion, this study shows that: (1) the proportion
of patients achieving PASS in a foot and ankle patient
sample is higher in younger patients; (2) patients in a lower
income bracket present for foot and ankle care when their
symptoms are worse compared with patients in a higher
income bracket; and (3) a patient’s income influences his or
her judgement of whether symptoms and activity level are
satisfactory (PASS). Despite the impact of patient income
on PASS, this validated question provides information on
patient satisfaction and coping ability uncaptured by
PROMIS; thus, it can help guide expectation-setting and
shared decision-making discussions regarding treatment
options. However, future work should look to create a
PASS question, or set of questions, that risk-adjust for in-
come so that it is no longer biased based on this patient
sociodemographic factor. Until then, stratifying patients by
income may be the best approach. Additional research can
also better determine why patients from lower income
brackets present for foot and ankle care when their symp-
toms are worse. Furthermore, future research can de-
termine whether similar findings are present when
evaluating treatment outcomes using PROMIS and PASS
when accounting for income and other patient socio-
demographic factors. Despite there being no clear defini-
tion of health care quality to date [4], this study builds upon
previous work by helping us to better understand the re-
lationship between PROMIS, PASS, and patient socio-
demographic factors so that we can care for patients with
varied backgrounds and income levels as best as possible.
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