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Background: Multiple studies have demonstrated the National Institutes of Health (NIH) Patient-Reported Outcomes
Measurement Information System (PROMIS) to be a responsive and efficient measure for patients undergoing orthopaedic
surgery. While these studies were rigorous in their protocol and methodology, no efforts in recent literature have been made to
identify if these reference scores apply to elite athletes.

Purpose/Hypothesis: The purpose of this study was to determine whether there is a difference in the baseline scores of elite
athletes versus the general population. We hypothesized that athletes’ PROMIS upper extremity general function (PROMIS-UE)
and general physical function (PROMIS-PF) scores would vary substantially from the mean health state of the general population.
We further hypothesized that these scores would be affected by specific sport and level of competition

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Three PROMIS computer adaptive test (CAT) domains were administered to elite athlete (�18 years) volunteers (either in
person or through email). An elite athlete was defined as one participating in sports at the collegiate level or higher. Test domains
included PROMIS-PF, PROMIS-UE, and pain interference (PROMIS-PI). PROMIS domain t scores were defined and assessed
against NIH reference values to identify significant differences. Distribution analysis was conducted using histograms and nor-
mality assessments. Domains were also subject to correlation analysis. Finally, subgroup analysis was conducted for all athlete
characteristics to identify any factors associated with variance.

Results: In total, 196 elite athletes (mean age, 21.1 years; range, 18.0-36.7 years) completed all 3 PROMIS-CAT forms. Overall, the
mean scores were 56.0 ± 6.4, 58.1 ± 7.7, and 47.1 ± 7.3 for PROMIS-UE, PROMIS-PF, and PROMIS-PI, respectively. Distribution
analysis showed nonnormal distribution for all 3 PROMIS domains (Kolmogorov-Smirnov test, P < .001). Similarly, in all 3 PROMIS
domains the athletes displayed more disparate scores than the NIH-reported reference values (1-way sign test, P< .001). Only the
presence of pain and sport played showed association with variance in PROMIS domain scores (P < .001 and P ¼ .003,
respectively).

Conclusion: Elite athletes displayed more disparate reference scores than the NIH-reported average of 50 for PROMIS-UE,
PROMIS-PF, and PROMIS-PI. Furthermore, these forms were sensitive to varying levels of sport among collegiate athletes.
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Patient-reported outcome measures (PROMs) are
survey-based tools that allow physicians to quantify patient
symptoms and complaints in both nonoperative and opera-
tive patients.3 As medicine continues to focus on a patient-
centered approach, these types of surveys have gained in
popularity. The Patient-Reported Outcomes Measurement
Information System (PROMIS) is a particular PROM that
has emerged as an efficient and reliable measure of patient
health in an orthopaedic setting. PROMIS was developed by
the National Institutes of Health (NIH) in 2004 with the goal

of standardizing and promoting a common PROM across all
realms of clinical research.3 The PROMIS computer adap-
tive test (CAT) system allows for specific questions to be
tailored toward each patient’s unique presentation. This
allows for decreased question burden on the patient and an
easier facilitation into clinical practice.

PROMIS has shown validity across many orthopaedic
surgery patient populations. Recently, studies have shown
PROMIS to be valid in the arthroplasty,13,20 upper extrem-
ity,18 foot and ankle,16 and pediatric12,14 surgical popula-
tions. These studies have sought to identify reference
scores for their patients, identify responsiveness to change
after surgery, and validate the PROMIS domains in asses-
sing different symptomatic states. While there has been
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considerable research done evaluating PROMIS in patients
based on the nature of their surgical complaint, there have
not been PROMIS studies on one of the most common sub-
set of patient populations who are evaluated at sports med-
icine clinics—athletes.

Athletes represent a unique patient population. They are
routinely exposed to high competition loads, increased
amounts of mechanical stress, and pressure to be in peak
physical form.8,24 As a result of these factors, there can be
many physical differences between athletes and nonath-
letes, including body composition,15 amount of body fat,17

and even health-related quality of life.22 These differences
can lead to different baseline levels of physical function and
day-to-day activity in athletes compared with nonathletes.
Thus, pre- and postsurgical symptom states can also differ
significantly between athletes and nonathletes. However,
physicians routinely use PROMIS-CAT domains to assess
both athletes and nonathletes alike without assurance of
the survey’s generalizability.

To our knowledge, there have been no studies examining
the PROMIS scores of elite athletes undergoing evaluation
for sports medicine–related complaints. The purpose of this
study was to (1) determine whether there is a difference in
the baseline scores of elite athletes versus the published
values for the general population; (2) characterize baseline
PROMIS upper extremity physical function, general phys-
ical function, and pain interference scores in elite athletes;
and (3) identify any athlete factors that may influence these
PROMIS domains. By assessing self-reported physical
capabilities and functioning in the upper extremity and,
more generally, through PROMIS-CAT domains, physicians
can better understand the range of values that indicate base-
line physical functioning in elite athletes. Similarly, the
aforementioned differences in athletes may lead to distinc-
tions between their self-assessments of the burden of pain on
the relevant aspects of their life.

METHODS

This study was approved by our institutional review board.
Participants were recruited from a single metropolitan
region by both in-person and electronic data collection. All
participants were sourced through measures such as
asking collegiate coaches, administrators, or athletes to dis-
tribute surveys among team members or through in-person
administration at athlete-centered performance centers
and school buildings. Questionnaires were emailed or
administered on a tablet computer using Research Elec-
tronic Data Capture (REDCap), a web-based Health Insur-
ance Portability and Accountability Act–compliant data

management and collection application maintained by Van-
derbilt University.9 Inclusion criteria were participants at
least 18 years of age who were actively competing in colle-
giate- or professional-level athletics and who could commu-
nicate adequately in English to complete the forms.
Athletes participating at the collegiate level or higher were
considered elite athletes for the purposes of this study.

The study was conducted between February 1, 2019, and
August 1, 2019, during off-season training for each sport.
Each participant completed a general intake form (Appen-
dix 1) detailing their age, height, weight, sex, and preexist-
ing pain or surgery, as well as a sports characteristics form
(Appendix 2), before completing 3 PROMIS-CAT forms:
PROMIS Upper Extremity physical function CAT V 2.0
(PROMIS-UE), PROMIS Physical Function CAT V 2.0
(PROMIS-PF), and PROMIS Pain Interference V 1.1 (PRO-
MIS-PI). All PROMIS domains are calibrated to a mean
t score of 50 and a standard deviation of 10. A greater score
indicates a greater measurement of the domain in question;
for example, a higher PF score demonstrates more function,
while a higher PI score demonstrates a greater impact of
pain on quality of life. Any participants who did not com-
plete the entire questionnaire set (intake form, demograph-
ics form, and 3 PROMIS-CAT forms) were excluded from
analysis. After exclusion, 196 out of 212 total forms (92.5%)
were kept for statistical analysis.

Statistical Analysis

Participant characteristics were assessed using descriptive
statistics, such as mean, standard deviation, maximum,
and minimum. PROMIS domain t scores were also subject
to summary statistics, such as median and interquartile
range (IQR), to describe the central tendency and disper-
sion. One-sample sign tests were used to compare our
athlete-centered data with the previously published norma-
tive value of 50.2 Histograms were created for PROMIS
domain scores and were analyzed for floor and ceiling
effects, which measure the ability of a questionnaire to dif-
ferentiate among those respondents at both extremes of the
scale. For our analysis, a floor or ceiling effect of at least
15% was considered important.23 Histograms were also
visually examined to determine if normal distribution could
be assumed. In addition, Kolmogorov-Smirnov and
Shapiro-Wilk tests were used to verify the normality of
these distributions.

Statistical significance was set at P < .05. Spearman rho
correlations were used to evaluate the relationship between
the 3 PROMIS domains. Correlation coefficients were inter-
preted as follows: high (>0.7), high-moderate (0.61-0.69),
moderate (0.4-0.6), moderate-weak (0.31-0.39), or weak
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(�0.3).21 Finally, Kruskal-Wallis tests were performed to
identify any significant variance among the PROMIS
domains due to underlying factors, after which Mann-
Whitney U tests were implemented to compare any individ-
ual groups that displayed significant variance. Significance
values were adjusted by the Bonferroni correction for mul-
tiple tests. All analyses were performed using SPSS Statis-
tics for Windows Version 35.0 software (IBM Corp).

RESULTS

This study included 196 athlete participants (mean age,
21.1 years; range, 18.0-36.7 years), which is a similar
cohort size to other PROMIS validation studies.1,4,8,10,12

Participants competed in varying levels of competition:
6 professional athletes (3%), 47 National Collegiate Ath-
letic Association (NCAA) Division I athletes (24%), and
143 Division II or III athletes (73%). The mean PROMIS-
CAT scores were 56.0 ± 6.4, 58.1 ± 7.7, and 47.1 ± 7.3, for
PROMIS-UE, PROMIS-PF, and PROMIS-PI, respectively.
Full participant characteristics can be seen in Table 1.
One-sample sign tests showed significant differences

between the medians of each PROMIS domain and the
reference population median of 50 (P < .001).

PROMIS-CAT domains were assessed for their distribution
normality in this cohort. Histograms were created and dis-
played a nonnormal distribution (Figure 1). Floor and ceiling
effectanalysis revealed a large ceiling effect (50%) in PROMIS-
UE and a floor effect (33.7%) present in PROMIS-PI.
Kolmogorov-Smirnov and Shapiro-Wilk tests also displayed
nonnormal distributions (P< .001 for all 3 domains). Further

TABLE 1
Participant Characteristicsa

Variable Value

Age, y 21.1 ± 2.1 (18.0-36.7)
BMI, kg/m2 26.7 ± 4.2 (19.1-43.9)
Sex

Male 181 (92)
Female 15 (8)

Pain
Yes 174 (89)
No 22 (11)

Surgery
Yes 12 (6)
No 184 (94)

Sport
Football 90 (46)
Baseball 80 (41)
Hockey 8 (4)
Soccer 18 (9)

Competition
Professional 6 (3)
NCAA Division I 47 (24)
NCAA Divisions II and III 143 (73)

Years active
0 4 (2)
1 53 (27)
2 53 (27)
3 43 (22)
4 33 (17)
5 10 (5)

Starter
Yes 106 (54)
No 90 (46)

aData are reported as mean ± SD (range) or n (%). BMI, body
mass index; NCAA, National Collegiate Athletic Association.

Figure 1. Histograms of Patient-Reported Outcomes Mea-
surement Information System (PROMIS) computer adaptive
test (CAT) domain t score distribution in elite-level athletes.
Normative reference values, provided by the NIH, are
denoted as a means of comparison with the cohort. (A) PRO-
MIS Upper Extremity Physical Function CAT. (B) PROMIS
Physical Function CAT. (C) PROMIS Pain Interference CAT.
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distribution statistics, such as median and IQR, as well as floor
and ceiling effects, are displayed in Table 2.

As summarized in Table 3, significant correlations were
noted among all 3 PROMIS-CAT domains. PROMIS-UE
and PROMIS-PF displayed a significant moderate correla-
tion with one another (Spearman rho ¼ 0.501; P < .001).
Similarly, PROMIS-UE and PROMIS-PI showed a moder-
ate negative correlation (–0.541; P < .001), while PROMIS-
PF and PROMIS-PI showed a high-moderate negative
correlation (–0.657; P < .001). No significant correlations
were identified between age or body mass index and any of
the 3 PROMIS-CAT domains.

Mann-Whitney U tests revealed significant differences
between athletes experiencing pain and those not experienc-
ing pain for PROMIS-PF and PROMIS-PI, across the entire
cohort (P < .001). However, Mann-Whitney U tests did not
show significant differences in any of the PROMIS domains
among participants who had undergone surgery in the past
12 months compared with those who had not. Similarly, no
differences were noted in any of the PROMIS domains based
on the following factors: sex, position within sport, starter
versus nonstarter, years active, or level of competition. Sub-
group analysis did show unequal distributions for PROMIS-
UE (Kruskal-Wallis, P ¼ .004) when sport was considered.
Specifically, baseball players were evaluated with signifi-
cantly higher PROMIS-UE scores than football players
(Mann-Whitney U test, þ3.2; P ¼ .003).

DISCUSSION

The principal finding of our study was that PROMIS-CAT
physical function scores significantly exceeded the stated

reference of 50. For PROMIS-UE, the average score in elite
athletes was 56, while the score for PROMIS-PF was
approximately 58. Both of these values represent a large
deviation from the NIH-reported mean values from the gen-
eral public. If NIH-reported standard deviations are used,
athlete scores were between 0.5 and 1.0 SD away from
reported norms. These differences can play an important
role when evaluating athletic patients’ outcomes after ortho-
paedic interventions. Significant ceiling effects (50.0%) for
PROMIS-UE and floor effects (33.7%) for PROMIS-PI were
found in this cohort, which suggests that higher-level ques-
tioning may be needed to further differentiate high-level
athletes. These ceiling and floor effects speak to the nonnor-
mal distributions we found when assessing these PROMIS
domains, further distinguishing our elite athlete population
from the reference population.

Significant ceiling effects for PROMIS-UE and floor
effects for PROMIS-PI represent a limited ability for
PROMIS-CAT domains to accurately distinguish between
the higher physical function and lower pain levels of
asymptomatic elite athletes. This suggests that the pri-
mary uses of the PROMIS-CAT domains should be to assess
patients with known or suspected functional or pain limita-
tions and not to distinguish between functional deficits in
asymptomatic elite athlete cohorts. When functionally
impaired knee or shoulder surgery patients were surveyed,
1 study found negligible ceiling and floor effects (<2% for
PROMIS-PF and PROMIS-PI).6 Still, some studies have
identified varying levels of ceiling and floor effects for PRO-
MIS-CAT in impaired patient populations undergoing
orthopaedic procedures. Ceiling effects as great as 28%
were identified in patients undergoing upper extremity
fracture care,5 and floor effects as great as 19% were iden-
tified in patients undergoing cervical spine surgery.1

Understandably, our reported values were higher because
of the nonclinical nature of our cohort. Kaat et al10 echoed
our findings with their own PROMIS-UE ceiling effects of
57% in an unimpaired, albeit nonathlete, group. While
these ceiling and floor effects limit PROMIS-CAT domain
use, a recent finding suggests that these domains are still
as good as or better than comparable-length measures,

TABLE 2
Distribution Analysis of PROMIS-CAT Domainsa

PROMIS-CAT Domain Statistic Value

PROMIS-UE Median 61.0
IQR 8.1
Kurtosis 3.15; SEM ¼ 0.39
Skewness –1.49; SEM ¼ 0.19
Floor effect, n (%) 0 (0.0)
Ceiling effect, n (%) 98 (50.0)

PROMIS-PF Median 60.1
IQR 9.8
Kurtosis –0.15; SEM ¼ 0.38
Skewness –0.12; SEM ¼ 0.19
Floor effect, n (%) 0 (0.0)
Ceiling effect, n (%) 6 (3.1)

PROMIS-PI Median 48.6
IQR 13.5
Kurtosis –0.67; SEM ¼ 0.39
Skewness 0.30; SEM ¼ 0.20
Floor effect, n (%) 66 (33.7)
Ceiling effect, n (%) 0 (0.0)

aSubstantial (>15%) ceiling and floor effects are shown in bold.
CAT, computer adaptive test; IQR, interquartile range; PF, Phys-
ical Function; PI, Pain Interference; PROMIS, Patient-Reported
Outcomes Measurement Information System; UE, Upper Extrem-
ity Physical Function.

TABLE 3
Interdomain Correlationsa

PROMIS-CAT
Domain

Comparative
Measure Rho

P
Value

Correlation
Strength

PROMIS-UE
PROMIS-PF 0.501 <.001 Moderate
PROMIS-PI –0.541 <.001 Moderate

PROMIS-PF
PROMIS-UE 0.501 <.001 Moderate
PROMIS-PI –0.657 <.001 High-moderate

PROMIS-PI
PROMIS-UE –0.541 <.001 Moderate
PROMIS-PI –0.657 <.001 High-moderate

aCAT, computer adaptive test; PF, Physical Function; PI, Paint
Interference; PROMIS, Patient-Reported Outcomes Measurement
Information System; UE, Upper Extremity Physical Function.
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such as the Functional Index of Hand Osteoarthritis or
Michigan Hand Questionnaire Activities of Daily Living
subscale, with regard to ceiling effects.7 The lack of
generalizability at the upper extremes hints at a need for
higher-level questioning in order to differentiate high-level
function and low-level pain in the elite athlete.

To date, the literature regarding the assessment of PRO-
MIS outside of the clinical realm is slim. Rather than base-
line scores from a healthy population, clinicians are
provided with reference values by the NIH that were
obtained using both clinical and general public cohorts.19

Although initial validation studies did underline an associ-
ation between worse scores and patient comorbidities, they
did not provide clinicians with a healthy, asymptomatic
reference with which to compare their patient populations.
Franovic et al4 assessed a pain- and disability-free cohort
(N ¼ 294) that displayed similar values, to the current
study, for PROMIS-UE (56) and PROMIS-PF (60), although
without controlling for physical activity levels. Madsen
et al11 assessed 60 healthy NCAA Division I and III athletes
and revealed a value of 60 for PROMIS-PF. The limited
literature available assessing physical function and pain
through PROMIS domains reflects a stark difference from
the NIH-provided reference values. These differences high-
light the heterogeneity in orthopaedic patient populations,
and physicians are urged to consider these differences
when using PROMIS to evaluate feasibility for surgery or
recovery from surgery. The present study analyzed a large
elite athlete cohort, with analysis of athlete characteristics
to provide orthopaedic surgeons with a comparison of the
athletic population to the general patient population. Base-
line values in the athletic population were found to signif-
icantly differ from baseline values of the general population
as reported by the NIH. Our findings suggest that the elite
athlete generally has a higher level of physical function and
lower pain scores compared with the general population.
This is important in establishing the appropriate baseline
for athletes before intervention and when judging improve-
ment or decline after surgical intervention.

While substantial ceiling and floor effects may govern
the efficacy of PROMIS use in healthy elite athletes, previ-
ous studies have shown great sensitivity and specificity to
injury in athletes.11 Madsen et al11 recruited 153 NCAA
Division I and III athletes and divided them into healthy,
injured and participating, and injured and not participat-
ing groups. Their analysis revealed that PROMIS-PF was
able to distinguish between all 3 groups and thus was a
viable tool toward assessing injuries among collegiate ath-
letes. Our study results showed extensive interdomain cor-
relation as one means of validity and our subgroup analysis
uncovered significant differences in PROMIS-PF and
PROMIS-PI scores between athletes experiencing and not
experiencing pain. Furthermore, significantly lower aver-
age scores in PROMIS-UE were noted for football players
when compared with baseball players. While no other ath-
lete factors seemed to influence PROMIS domains, these
results demonstrate the ability of PROMIS to differentiate
between symptomatic states and between sports.

Our study does present with notable limitations. First,
we acknowledge that although data were collected during

respective sports’ off-seasons, the time from the previous
season and the time until the next season were not evalu-
ated or controlled for. Data taken during off-season may
therefore not directly correlate with athlete states during
different phases of their season. Furthermore, the
PROMIS-CAT domains were presented in English, thereby
excluding individuals not able to communicate adequately
in English and limiting the generalizability of our results.
Also, recruitment of female elite-level athletes, as well as
professional-level athletes, was far less fruitful than their
respective counterparts. The lack of recruitment in these 2
fields suggests a potential of selection bias in our recruiting
methods. Because of the nature of our methodology and the
protection of student-athlete information, much of our data
collection was contingent on coaches and school-authorized
personnel distributing survey links to their respective
student-athletes. Thus, the true response rate and distri-
bution of surveys were mediated by individuals outside of
our research team and present as notable limitations of this
study. These subgroups may not offer clinicians with true
and statistically significant reference scores, and these lim-
itations may have influenced the results, although no sta-
tistically significant data between the sexes were noted.

CONCLUSION

Elite athletes displayed more disparate reference scores
than the NIH-reported average of 50 for PROMIS-UE,
PROMIS-PF, and PROMIS-PI. Furthermore, these forms
were sensitive to varying levels of sport among collegiate
athletes.
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APPENDIX 1

General Intake Form for This Study

Confidential

Intake
Please complete the survey below. 
Thank you!

Date of Birth (MM-DD-YYYY)
__________________________________
(e.g. 11-13-1995)

Today
__________________________________

Years Old
__________________________________

What is your sex? Male Female Other

How tall are you? (ft-in)
__________________________________
(e.g. 6-3)

How much do you weigh? (lb)
__________________________________

Are you experiencing any significant pain or Yes
disability? No

Is your pain in any of the following regions? Hand or Wrist
Elbow
Shoulder
Hip
Knee
Foot or Ankle
Spine or Back
None of these options

Have you had surgery in the past 12 months? Yes
No

Was your surgery in any of the following locations? Hand or Wrist
Elbow
Shoulder
Hip
Knee
Foot or Ankle
Spine or Back
None of these options
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APPENDIX 2

Sports Demographics Form for This Study

Confidential

Sports Demographics
Please complete the survey below.
Thank you!

What is your primary sport? Football
Basketball
Baseball
Soccer
Hockey
Lacrosse
Wrestling
Other

Which position do you play most? Quarterback
Runningback
Wide Receiver
Tight End
Offensive Line
Defensive Line
Linebacker
Cornerback
Safety
Kicker

Which position do you play most? Forward
Midfielder
Defender
Goalie

Which position do you play most? Point Guard
Shooting Guard
Small Forward
Power Forward
Center

Which position do you play most? Infield
Outfield
Pitcher
Catcher

Do you start most games? Yes
No

Which of the following best applies to you? Starter
Reliever
Closer

At what level do you play your primary sport? Professional
Semi-Professional
NCAA Division 1
NCAA Division 2,3,4, NAIA, or JUCO

How many years have you played professionally?
(including this year) __________________________________

How many years have you played semi-professionally?
(including this year) __________________________________

How many years have you played at the NCAA D1 level?
(including this year) __________________________________

How many years have you played at the NCAA Division
2, 3, 4, NAIA, or JUCO level? (including this year) __________________________________

8 Franovic et al The Orthopaedic Journal of Sports Medicine
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