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Abstract

Background The interpretation of patient-reported out-
comes requires appropriate comparison data. Currently, no
patient-specific reference data exist for the Patient-Reported
Outcome Measurement Information System (PROMIS)
Physical Function (PF), Upper Extremity (UE), and Pain
Interference (PI) scales for individuals 50 years and older.

Questions/purposes (1) Can all PROMIS PF, UE, and PI
items be used for valid cross-country comparisons in these
domains among the United States, the United Kingdom, and
Germany? (2) How are age, gender, and country related to
PROMIS PF, PROMIS UE, and PROMIS PI scores? (3)
What is the relationship of age, gender, and country across
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individuals with PROMIS PF, PROMIS UE, and PROMIS
PI scores ranging from very low to very high?

Methods We conducted telephone interviews to collect
custom PROMIS PF (22 items), UE (eight items), and PI
(eight items) short forms, as well as sociodemographic data
(age, gender, work status, and education level), with par-
ticipants randomly selected from the general population
older than 50 years in the United States (n = 900), United
Kingdom (n = 905), and Germany (n = 921). We focused
on these individuals because of their higher prevalence of
surgeries and lower physical functioning. Although re-
sponse rates varied across countries (14% for the United
Kingdom, 22% for Germany, and 12% for the United
States), we used existing normative data to ensure de-
mographic alignment with the overall populations of these
countries. This helped mitigate potential nonresponder bias
and enhance the representativeness and validity of our
findings. We investigated differential item functioning to
determine whether all items can be used for valid cross-
cultural comparisons. To answer our second research
question, we compared age groups, gender, and countries
using median regressions. Using imputation of plausible
values and quantile regression, we modeled age-, gender-,
and country-specific distributions of PROMIS scores to
obtain patient-specific reference values and answer our
third research question.

Results All items from the PROMIS PF, UE, and PI mea-
sures were valid for across-country comparisons. We found
clinically meaningful associations of age, gender, and
country with PROMIS PF, UE, and PI scores. With age,
PROMIS PF scores decreased (age Byegian = -0.35 [95% CI
-0.40 to -0.31]), and PROMIS UE scores followed a similar
trend (age Byjedian = -0.38 [95% CI -0.45 to -0.32]). This
means that a 10-year increase in age corresponded to a de-
cline in approximately 3.5 points for the PROMIS PF
score—a value that is approximately the minimum clinically
important difference (MCID). Concurrently, we observed a
modest increase in PROMIS PI scores with age, reaching
half the MCID after 20 years. Women in all countries scored
higher than men on the PROMIS PI and 1 MCID lower on
the PROMIS PF and UE. Additionally, there were higher
T-scores for the United States than for the United Kingdom
across all domains. The difference in scores ranged from
1.21 points for the PROMIS PF to a more pronounced 3.83
points for the PROMIS UE. Participants from the United
States exhibited up to half an MCID lower T-scores than
their German counterparts for the PROMIS PF and
PROMIS PI. In individuals with high levels of physical
function, with each 10-year increase in age, there could be a
decrease of up to 4 points in PROMIS PF scores. Across all
levels of upper extremity function, women reported lower
PROMIS UE scores than men by an average of 5 points.
Conclusion Our study provides age-, gender-, and
country-specific reference values for PROMIS PF, UE, and
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PI scores, which can be used by clinicians, researchers, and
healthcare policymakers to better interpret patient-reported
outcomes and provide more personalized care. These
findings are particularly relevant for those collecting
patient-reported outcomes in their clinical routine and re-
searchers conducting multinational studies. We provide an
internet application (www.common-metrics.org/PROMIS_
PF_and_PI_Reference_scores.php) for user-friendly ac-
cessibility in order to perform age, gender, and country
conversions of PROMIS scores. Population reference val-
ues can also serve as comparators to data collected with
other PROMIS short forms or computerized adaptive tests.
Level of Evidence Level 11, diagnostic study.

Introduction

Patient-reported outcome measures (PROMs) play a crucial
role in evaluating health outcomes, and the Patient-Reported
Outcomes Measurement Information System (PROMIS)
initiative provides standardized instruments for assessing
various health domains. Adequate reference values in any
population where a PRO score will be used are essential for
accurate interpretation and comparability. However, exist-
ing research on PROMIS scores suggests that age, gender,
and country might impact PROMIS Physical Function (PF),
Upper Extremity (UE), and Pain Interference (PI) scores [8,
13,36]. Women generally tend to report lower PF and higher
PI scores than men [24, 34], and older patients exhibit a
decline in PF and an increase in P1 as they age [24]. Notably,
cultural, social, and healthcare-related factors contribute to
variations in PROMIS scores across countries, emphasizing
the importance of country-specific norms for accurate in-
terpretation and comparability.

To fill the knowledge gaps regarding the influence of
age, gender, and country on PROMIS PF, UE, and PI
scores, we aimed to provide patient-specific reference
values for clinicians and researchers working with older
populations. We focused on individuals aged 50 and older
to address the lack of precise PROMIS reference values for
people in this age group, who experience the highest
prevalence of surgeries and lowest level of PF [3, 22, 28].
By providing these patient-specific reference values, we
can enhance the clinical utility, interpretability, and com-
parability of PROMIS scores across different patient pop-
ulations and studies.

We therefore asked: (1) Can all PROMIS PF, UE, and PI
items be used for valid cross-country comparisons in these
domains among the United States, the United Kingdom, and
Germany? (2) How are age, gender, and country related to
PROMIS PF, PROMIS UE, and PROMIS PI scores? (3)
What is the relationship of age, gender, and country across
individuals with PROMIS PF, PROMIS UE, and PROMIS
PI scores ranging from very low to very high?


http://www.common-metrics.org/PROMIS_PF_and_PI_Reference_scores.php
http://www.common-metrics.org/PROMIS_PF_and_PI_Reference_scores.php
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Patients and Methods
Study Design and Setting

We conducted a population-based telephone survey of the
general population aged 50 and older in the United States,
United Kingdom, and Germany. The aim of the survey was
to collect reference data for the PROMIS PF, UE, and PI
item banks.

Data Collection

We collected data using computer-assisted telephone in-
terviews in which interviewers followed a structured
questionnaire displayed on a computer screen while con-
ducting the interview. This method of administration was
necessary because collecting data from older participants
using online platforms was not considered viable. We did
not expect any mode-of-administration effects based on
previous research [17, 21, 27, 32]. Computer-assisted
telephone interviewing is a method of data collection that
combines telephone interviewing with computer technol-
ogy. In this process, interviewers follow a structured
questionnaire displayed on a computer screen while con-
ducting the interview. The interviewer records the re-
sponses directly into the computer system during the
conversation.

Survey Methodology

The survey, conducted by USUMA GmbH Social
Research Institute, used a stratified random sampling ap-
proach using the Arbeitskreis Deutscher Markt und
Sozialforschungsinstitute (Working Group of German
Market and Social Research Institutes) Telephone Sample
Selection framework. This framework facilitates adequate
sampling of private households and individuals living in
them if they are reachable by telephone. This framework
ensured the representativeness and precision of our data by
allowing us to collect responses from at least 75 individuals
per cell, characterized by country, gender, and age group,
across the United States, Germany, and the United
Kingdom. This targeted approach allowed us to obtain
sufficiently precise reference value estimates, enhancing
the validity and robustness of our study outcomes.

To further improve the representativeness of our sam-
ple, we used the Kish Selection Grid to randomly select
target persons in households containing multiple individ-
uals. This approach ensures equal selection probability for
all target persons, specifically individuals 50 years and
older. Using these methods, we could acquire a random
sample of our target population.

For the survey, we approached participants in the United
States and United Kingdom via an existing database of
private household telephone numbers. However, in
Germany, where a centralized telephone number database
is absent, we used an ADM-maintained algorithm. This
method generates telephone numbers by correlating area
codes with population densities, thereby ensuring a repre-
sentative sample.

Participants

Participants were eligible if they were at least 50 years old;
there were no other exclusion criteria. We focused on par-
ticipants older than 50 years because older individuals tend
to have a higher prevalence of surgeries and lower PF [22].
Furthermore, existing reference values for PROMIS PF, UE,
and PI scores are predominantly based on general adult
populations [13], and there is a lack of age-specific reference
data for older individuals. By focusing on this age group, our
study addresses a gap, providing much-needed reference
values for clinicians and researchers working with older
populations [28]. These age-specific reference values enable
better interpretation of patient-reported outcomes in an aging
population and are particularly relevant for orthopaedic
subspecialties, such as arthroplasty and geriatric trauma,
where most patients are older adults [18, 26].

Overall, we collected data from 2726 individuals from
the United States, United Kingdom, and Germany aged 50
to 98 years. Their sociodemographic variables were
broadly comparable (Table 1). The response rates varied
across the three countries, from 12% in the United States to
22% in Germany, which might pose a risk for response
bias. However, the characteristics of our sample closely
mirror the normative data for each country, suggesting the
representativeness and validity of our findings. PROMIS
PF, UE, and PI T-scores differed among countries re-
garding their distribution (Table 2). In addition, we found
considerable floor and ceiling effects in all countries for
PROMIIS UE and PI scores. Almost 50% of United States
individuals had the highest T-score estimate of 57.4, while
39% of United Kingdom individuals had this maximum
score. At the same time, the PROMIS PI had considerable
floor effects, with up to 43% of individuals reaching the
minimum T-score of 40.7.

Background of the PROMIS

The PROMIS initiative developed self-reported instruments
for more than 100 relevant health outcomes based on item
response theory [5]. Compared with traditional test theory
approaches, the use of item response theory in PROMIS
provides the advantage of separating the construct (PRO)
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Table 1. Summary statistics of sociodemographic information

Sociodemographic factors

United States (n = 900)

Germany (n = 921) United Kingdom (n = 905)

Age in years, median (range) 70 (50 to 98)

Sex, female, % (n)® 5 (450)
Work status, % (n)
Full-time 19 (173)
Part-time 6 (53)
Self-employed 9 (79)
Student 0(1)
Retired, in early retirement 58 (522)
Job seeker or not employed 3(30)
Other 4 (40)
Education, % (n)®
Less than high school degree 7 (64)
High school graduate 21 (188)
Some college 23 (203)
Bachelors 24 (213)
Masters 16 (144)
Doctorate 5 (45)
Unknown 5(43)
Marital status, % (n)©
Married or living with partner 5 (486)
Divorced 4 (120)
Widowed 18 (162)
Single 3(117)
Unknown 0(1)

PROMIS global physical health T-score
Median (range)

PROMIS global mental health T-score
Median (range)

50 (23.4 to 63.3)

52.8 (25.8 to 64.6)

69 (50 to 98) 69 (50 to 98)

50 (456) 50 (456)
7 (159) 15 (132)
6 (59) 11 (101)
5 (47) 5 (42)
0(0) 0(0)

68 (624) 63 (568)
2 (20) 4(33)
1(10) 3(27)

20 (185) 31 (280)

25 (230) 31 (281)

14 (125) 27 (241)
5 (44) 9 (80)

26 (239) 2 (16)
3(31) 0(2)
4 (35) 1(5)

57 (525) 57 (503)

12 (108) 12(106)

19 (176) 8 (161)

12 (109) 13(119)
0 (0) 0(0)

50 (23.4 to 63.3) 50 (23.4 to 63.3)

48.6 (25.8 to 64.6) 48.6 (25.8 to 64.6)

We assessed PROMIS Global Mental and Physical Health with two-item short forms: PROMIS Global Health PROMIS Scale v1.2, Global

Health Physical and Mental 2a.
@Data are missing for 2 individuals from each country.
PData are missing for 32 individuals from Germany.

“Data are missing for 14 individuals from the United State, 3 individuals from Germany, and 16 individuals from the United Kingdom.

from the respective measures (PROM) [4]. All items of an
item bank are calibrated along a latent-trait continuum of the
target construct using information on the item’s location and
slope. Because this method defines latent scales, PRO esti-
mates based on any item subset of an item bank can be
directly compared using the same scale. Thus, any combi-
nation of items, including short forms or combinations of
items selected as part of computerized adaptive testing, can
be used in health assessments. In the item response theory
framework, it is also possible to link legacy PROMs to the
corresponding PROMIS metric that represents the same
construct, facilitating instrument comparisons. This is al-
ready possible for several measures; for example, the Short

{ :‘ , Wolters Kluwer

Form-36 Health Survey and Health Assessment
Questionnaire Disability Index is linked to the PROMIS PF,
and the Oswestry Disability Index is linked to PROMIS PI
[31, 35]. Hence, PROMIS establishes a theoretical and
empirically tested framework for PROs and provides com-
prehensive measures to assess these PROs.

PROMIS scores are reported as T-scores, with a mean of
50 = 10 representing the distribution of scores in the United
States general population based on the 2020 Census de-
mographic distributions. This convention provides the ad-
vantages of easy interpretability of the resulting scores and
comparability across PROMIS measures and other measures
linked to a specific PROMIS metric on the same scale.
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Table 2. Summary statistics of PROMIS measures

PROMIS summary statistics United States (n = 900)

Germany (n = 921) United Kingdom (n = 905)

PROMIS PF T-score
Floor, % (n)
Ceiling, % (n)
Median (range)

PROMIS UE T-score
Floor, % (n)
Ceiling, % (n)
Median (range)

PROMIS PI T-score
Floor, % (n)
Ceiling, % (n)
Median (range)

1(0)
14 (123)
47.7 (144 to 63.8)

0(2
49 (437)
55.9 (14.8 to 57.4)

40 (356)
2 (14)
48.6 (40.7 to 77.0)

1(0)
13 (123)
48.8 (11.6 to 63.8)

2(0)
12 (107)
46.9 (9.2 to 63.8)

0(2)
42 (390)
49.5 (148 to 57.4)

0(3)
39 (357)
48.2 (14.8 to 57.4)

31 (287)
0(2)
51.4 (40.7 to0 77.0)

43 (391)
3 (28)
48.6 (40.7 to 77.0)

Floor % (n) = percentage (number) of individuals with the minimum T-score; ceiling % (n) = percentage (number) of individuals with

the maximum T-score.

However, this comparison with reference data originally
collected in the United States might be less useful in other
cultural contexts [5, 10]. In addition, PROMIS instruments
are usually used in clinical settings, where comparison
against the general population might have limited relevance.
A comparison with more meaningful reference groups (for
example, same age, gender, and country) might improve our
understanding of PROMIS scores for patients, clinicians,
and researchers. Such patient-specific reference data seem
essential for making scores more interpretable for clinical
decision-making. For example, previous research indicates
that constructs associated with the level of PF might be
influenced by age [19, 20], suggesting the need for age-
specific reference values. In particular, older age groups are
typically affected by low PF, with a declining trend begin-
ning at approximately 50 years old [19, 20]. Moreover, the
scores of several PRO domains differ considerably re-
garding country and gender [20].

Variables

Sociodemographic Information

We collected sociodemographic information on age, gen-
der, education, work status, and marital status. Moreover,
four items were administered to assess physical and mental
health (PROMIS Global Health PROMIS Scale, version
1.2, Global Health Physical and Mental 2a [12]).

PROMIS Short Forms

We selected specific items from each PROMIS item bank
by focusing on their relevance to the study’s objectives,

ensuring the chosen items adequately captured the con-
structs of interest. Our selection process involved consul-
tations with experts in the field and a thorough review of the
existing research [25, 29] to identify the most appropriate
items for our study. Our selection of items therefore
provides a comprehensive assessment of the PROMIS PF,
UE, and PI scales.

PROMIS PF

The PROMIS PF version 2.0 item bank evaluates a wide va-
riety of activities, from self-care (for example, daily living
tasks) to more complex activities requiring a variety of physical
abilities, including strenuous activities such as playing sports or
jogging. Overall, the PROMIS PF bank contains 165 items
using a 5-point ordinal response scale, and includes items about
neck and back function, upper and lower extremity function,
and ability to do instrumental activities of daily living, in-
cluding housework and shopping [19, 29]. Higher T-scores
indicate higher, meaning better, levels of physical function. We
collected 22 items selected by two experts (BDS and AJK),
covering different aspects and levels of physical function.
Depending on clinical population and procedure used to esti-
mate the minimum clinically important difference (MCID), this
difference in T-scores is estimated to be between 3.4 and 4.6 for
PROMIS PF [16, 30].

PROMIS UE
We included eight of the PF items as an additional domain

measuring activities demanding the use of the upper ex-
tremities (such as writing, pressing buttons, and opening

{E}QWolters Kluwer
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containers) from the PROMIS UE version 2.0 item bank
(containing 31 items in total) [14].

These items were: PFA14rl (Are you able to carry a
heavy object [over 10 pounds/5 kg]?), PFA29r1 (Are you
able to pull heavy objects [10 pounds/5 kg] toward your-
self?), PFA34 (Are you able to wash your back?), PFA36
(Are you able to put on and take off a coat or jacket?), PFB13
(Are you able to carry a shopping bag or briefcase?), PFB26
(Are you able to shampoo your hair?), PFB28r1 (Are you
able to lift 10 pounds [5 kg] above your shoulder?), and
PFB34 (Are you able to change a light bulb overhead?).

PROMIS PI

The PROMIS PI item bank measures the influence of self-
reported pain on important parts of one’s life; for example,
how pain prevents people from engaging in social, cogni-
tive, emotional, physical, and recreational activities. The
PROMIS PI item bank version 1.1 consists of 40 items in
total [1]. Higher T-scores imply more (and worse) pain in-
terference. Depending on the clinical population, the MCID
T-score for PROMIS PI is estimated to be between 3.4 and
5.5 [2, 16]. We selected eight items covering different as-
pects and levels of pain interference over the previous 7
days, asking PAININ12 (how much did pain interfere with
the things you usually do for fun?), PAININ13 (how much
did pain interfere with your family life?), PAININ22 (how
much did pain interfere with work around the home?),
PAININ3 (how much did pain interfere with your enjoy-
ment of life?), PAININ31 (how much did pain interfere with
your ability to participate in social activities?), PAININ34
(how much did pain interfere with your household chores?),
PAININ36 (how much did pain interfere with your enjoy-
ment of social activities?), and PAININ9 (how much did
pain interfere with your day-to-day activities?).

Ethical Approval

Ethical approval for this study was obtained from
Charité Universititsmedizin Berlin, Berlin, Germany
(EA4/212/20).

Statistical Analyses

PROMIS Scoring

Following the PROMIS scoring guidelines [9], we esti-
mated T-scores based on observed item responses using the
expected a posteriori estimator of the PROMIS Graded
Response Models, which is calibrated to the United States
general population.

am—
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Score Differences

We modeled the 50th percentile and 95% Cls using median
regressions, with the United States as the reference group to
investigate country differences in PROMIS PF, UE, and PI
scales. We included age and gender as predictors. We also
calculated standardized mean differences (Cohen d) for
these country differences.

Reference Values

We applied plausible value imputation, a method
designed for analyzing latent trait scores and accounting
for differences in measurement precision in the context
of item response theory [11, 37]. Plausible value impu-
tation treats the latent trait level as missing and incor-
porates the uncertainty associated with the estimation of
the latent trait by drawing multiple “plausible values”
from the latent trait’s posterior distribution. In our study,
we used plausible value imputation in the following
manner. First, we estimated latent trait scores based on
the PROMIS item parameters and available response
data. Second, we approximated the posterior distribution
using a normal distribution with mean = T-score and
SD = standard error. Third. we created 25 datasets by
randomly drawing latent trait measurements from the
distribution of plausible values for each individual.
Fourth, we performed quantile regressions separately on
each dataset. Finally, we combined the results from the
separate analyses to obtain the final results according to
the Rubin rules, considering variability across the im-
puted datasets [23].

The use of plausible value imputation allowed us to
obtain a smooth distribution of outcomes, which pro-
vides more accurate and unbiased estimates of pop-
ulation parameters [11]. This approach also enabled us
to make more valid inferences about the relationships
between latent traits and other variables of interest in
our study.

This approach enabled us to consider the different levels
of measurement precision across the entire range of the
latent construct, therefore providing a more accurate rep-
resentation of the underlying latent constructs.

We used quantile regressions to model the 1st, Sth, 10th,
20th, 30th, 40th, 50th, 60th, 70th, 80th, 90th, 95th, and
99th percentiles and their respective standard errors for the
PROMIIS PF, UE, and PI scales. We included age, gender,
and country as predictors in the regression model to allow
stratification of reference values. We fitted a series of re-
gression models, including linear, quadratic, and cubic
effects for continuous predictors as well as potential in-
teraction effects between predictors. We selected the most
appropriate model balancing complexity and parsimony by
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comparing the Akaike Information Criteria (AIC) and
Bayesian Information Criteria (BIC). The estimated per-
centiles and their respective standard errors were pooled
over the imputed datasets according to the Rubin rules [23].
Those pooled estimates were used to calculate 95% Cls for
the reference values, assuming a normal distribution.
Additionally, we developed an interactive internet appli-
cation to provide general-population reference values for
the PROMIS PF, UE, and PI, adjusted for age, gender, and
country, which is available at: www.common-metrics.
org/PROMIS_PF_and_PI_Reference_scores.php [6].

Differential Item Functioning

We explored differential item functioning (DIF) among
countries as a prerequisite for valid across-country com-
parisons [33]. We used the R package Lordif to investigate
DIF for the PROMIS PF, UE, and PI items [7]. We flagged
items exceeding a change in Nagelkerke pseudo-r* > 0.02
and visually inspected the DIF impact, namely, the abso-
lute difference between the item characteristic curves be-
tween countries weighted by the score distribution.

Open Science Practices

All components necessary for reproducible data analysis
(preregistration, open data, and code) have been made ac-
cessible via the Open Science Framework (https://osf.io/
2cuf7/?view_only=64ad89db4b0c45878a5f358954835b3a).

Sample Size Rationale

We determined the appropriate sample size for this
population-based study in terms of the precision of mean
scores. Assuming an SD of 10, a sample size of 900 allows
for an estimate of the population T-score mean of each
country within £ 0.65 T-scores (95% CI) and the T-score
mean in each gender and age group (n = 75 of 150) within
=+ 2.3/1.6 T-scores (95% CI).

Results

Validity of Across-country Comparisons Among the
PROMIS PF, UE, and PI Items Among the United States,
United Kingdom, and Germany

All items across the PROMIS PF, UE, and PI measures were
valid for across-country comparisons. This is because any
observed variations in the functioning of all items were
negligible. Three PROMIS PF items (PFA11, PFA34, and

PFM26) and one PROMIS UE item (PFA34) were flagged
for DIF, indicating these items might not adequately mea-
sure the same construct in all three countries. However, a
visual inspection of these items revealed a negligible impact
of DIF. Because the T-scores of each estimate were very
similar when accounting or not accounting for DIF, we did
not remove any items from further analysis.

Differences in PROMIS Scores by Age, Gender,
and Country

There were clinically meaningful associations of age,
gender, and country of residence with all included
PROMIS measures: PF (Supplemental Table 1; http://
links.lww.com/CORR/B203), UE (Supplemental Table 2;
http:/links.Iww.com/CORR/B204), and PI (Supplemental
Table 3; http://links.lww.com/CORR/B205).

With increasing age, we found a decline in PROMIS PF
(age Byedian = -0.35 [95% CI -0.40 to -0.31]) and PROMIS UE
scores (age Byjedian = -0.38 [95% CI -0.45 to -0.32]). For
PROMIS PF, this translated to a decrease in 3.5 points after 10
years, approximately the MCID for an individual [30]. A de-
cline of 7.0 points over 20 years indicates a substantial shift in
the level of PF. We also found a small increase in PROMIS PI
scores with increasing age (age Byjedian = 0.10 [95% CI0.04 to
0.16]). The accumulated effect of 40 years would be equal to
the MCID on a group level; however, this does not mean that
the effect is irrelevant on an individual level [2]. Additionally,
women had, on average, worse scores than men for the
PROMIS PF (gender Byedian = -3-30 [95% CI -4.20 to -2.30]),
PROMIS UE (gender Byjegian = -5-32 [95% CI -6.71 to -3.92]),
and PROMIS PI (gender Byjegian = 1.39 [95% C10.46 to 2.32]).

For the comparison between the United States and United
Kingdom, we found higher T-scores for the United States in all
domains. For the PROMIS PF, this difference was -1.21 points
(95% CI-2.40t0-0.01; Cohen d = 0.14 [95% CI 0.05 to 0.23]).
For the PROMIS UE, the difference was -3.83 points (95% CI
-5.44 t0 -2.23; Cohen d = 0.25 [95% CI 0.15 to 0.34]), and for
PROMIS PI it was -0.48 points (95% CI -2.06 to 1.11;
Cohen d = 0.12 [95% CI 0.03 to 0.21]). Participants in the
United States had lower T-scores than those in Germany for the
PROMIS PF (1.13 points [95% CI 0.03 to 2.23]; Cohen d =
0.14 [95% CI 0.05 to 0.23]) and PROMIS PI (1.93 points 95%
CI 1.17 10 2.70]; Cohen d = 0.14 [95% CI 0.05 to 0.23]). These
differences among age, gender, and country indicate that
stratification of reference data is warranted.

Relationship Among Age, Gender, and Country Across
Varying Levels of PROMIS Scores

The PROMIS scores for PF, UE, and PI in the United

States, United Kingdom, and Germany were analyzed
across the entire distribution, from the lowest to the
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Table 3. Quantile regression coefficients for PROMIS PF 2.0 items

Percentiles with 95% Cls

Parameter 1% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99%

United 28.8 35.1 40.6 46.2 50.4 534 558 58.3 61.7 65.3 70.0 73.2 76.7
States (248to (323to (385to (445to (488to (520to (544to (569to (60.1to (63.5t0 (67.6to (70.5to (71.6to

32.8) 37.9) 42.8) 48.0) 52.0) 54.8) 57.2) 59.8) 63.3) 67.1) 72.4) 75.9) 81.7)

United 27.7 323 383 45.2 49.6 524 54.8 57.1 60.3 63.7 68.2 71.0 74.8
Kingdom (247t0 (295to (360to (433to (480to (51.0to (534to (55.7to (58.7to (619to (658to (68.3to (70.7 to

30.7) 35.1) 40.6) 47.0) 51.2) 53.8) 56.1) 58.5) 61.8) 65.5) 70.7) 73.6) 78.9)

Germany 31.7 37.7 436 49.0 524 54.8 57.0 59.1 62.0 65.5 70.2 729 76.5
(281to (348to (415to (473to (509to (535to (55.7to (57.7to (60.5to (63.8to (679to (706to (72.3to

35.3) 40.6) 45.7) 50.7) 53.9) 56.2) 58.3) 60.4) 63.5) 67.2) 72.5) 75.3) 80.8)

Age -0.2 -0.2 -0.2 -0.3 -0.3 -0.3 -03 -0.3 -0.4 -04 -04 -04 -0.2
(-03to (03to (03to (04to (04to (04to (04to (-04to (04to (05to (-05to (-05to (-0.4to

-0.1) -0.1) -0.2) -0.2) -0.3) -0.3) -0.3) -0.3) -0.3) -0.3) -0.3) -0.3) -0.1)

Gender -4.4 -2.6 -3.5 -3.7 -35 -34 -3.2 -3.0 -3.1 -3.1 -2.9 -2.6 -14
(-73to0 (46to (-50to (49to (46to (44to (41to (40to (42to (43to (46to (47to (-4.7to

-1.4) -0.7) -2.0) -2.6) -2.4) -2.4) -2.3) -2.1) -2.0) -1.9) -1.3) -0.5) 1.9)

Reference values for the United States, United Kingdom, and Germany with percentiles ranging from 1% to 99%. Each value in a
country row contains the reference values for men aged 50 years. Each column contains the corresponding percentiles. Age: With each
additional year beginning at age 50 years, the value from the age row and the same percentile column must be subtracted. Gender:
Negative values indicate lower values for women and positive values represent higher values for men. Patient-specific reference values
can be calculated by combining the numeric value from a country, age, and gender row for the percentile of interest. For instance, for
an 80-year-old woman from the United Kingdom in the 20th percentile, one would have to identify the 20th percentile from the United
Kingdom (Tyk 209 = 45.2), subtract the corresponding gender value, which can be found in the gender row (Tyender 209 = -3.7), and

subtract the value for age, which can be calculated by multiplying age above 50 years with the corresponding age value (Tageso 20% =
80-50 * -0.3 = -9). This results in T = 32.5 for an 80-year-old woman from the United Kingdom in the 20th percentile.

highest percentiles, revealing differences and patterns
across countries, genders, and ages. A trend of de-
creasing PF and UE T-scores with increasing age was
observed, while PI T-scores showed a negligible asso-
ciation with age. In terms of gender, men generally
scored higher on PF and UE than women, but had
slightly lower PI scores, although the differences were
relatively small and not consistent across all percentiles.
Differences in scores were also observed across coun-
tries, with individuals in the United States tending to
have higher PF and UE scores, and those in Germany
having higher PI scores.

For PROMIS PF (Table 3), scores across all percen-
tiles were generally higher in Germany and the United
States than in the United Kingdom. Age showed a con-
sistent, negative effect on PF scores, indicating that older
individuals tended to have lower PF scores. Gender was
also associated with PF scores, with men typically
scoring higher than women, although the differences
became less pronounced at higher percentiles. This
gender difference exceeded the magnitude of an MCID
for those with the lowest PROMIS PF levels (Table 3)
and decreased to one-third of the MCID in the 99th
percentile.

For PROMIS UE (Table 4), the United States also
showed generally higher scores across all percentiles, fol-
lowed by Germany and the United Kingdom. The
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association with age was again negative, indicating de-
creased UE function with increasing age, and similar to PF,
men tended to score higher than women in UE function,
with the gender difference decreasing at higher percentiles.

In contrast to PF and UE, PI revealed there was rela-
tively little association of age with scores (Table 5). The
gender effect was positive, suggesting that women expe-
rienced slightly more pain interference than men, a trend
seen with PF and UE. However, the magnitude was smaller
because these gender differences increased to only half the
MCID for the 95th percentile. When assessing the distri-
bution of PI scores across all percentiles, Germany gener-
ally had higher scores than both the United States and
United Kingdom up to the 90th percentile. However, past
this percentile, the trend inverted, and Germany exhibited
lower scores, suggesting less pain interference in the upper
echelons of the distribution than in the other countries. This
pattern underscores a divergence in pain interference ex-
periences in different sections of the population.

Further patient-specific reference values for PROMIS
PF (Table 3), UE (Table 4), and PI (Table 5) are depicted
for the United States, United Kingdom, and Germany as
percentiles ranging from 1% to 99% with their respective
95% CIs. These values represent the average PROMIS
T-scores for the respective percentiles in 50-year-old men.
Additionally, the regression coefficients for age and gender
are included. For each additional year of age above 50
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Table 4. Quantile regression coefficients for PROMIS UE items

Percentiles with 95% Cls

Parameter 1% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99%
United 258 344 40.2 47.0 51.2 54.7 58.0 60.8 634 654 67.5 69.5 73.7
States 211to (31.7to (375to (450to (493to (528to (56.1to (590to (61.6to (63.6to (65.7to (66.9to (69.9to
30.5) 37.1) 42.9) 49.1) 53.1) 56.7) 60.0) 62.7) 65.3) 67.3) 69.3) 72.0) 77.6)
United 259 31.2 36.9 443 48.4 517 54.6 575 60.3 63.0 65.9 68.1 72.8
Kingdom (220to (286to (342to (422to (465t0 (499to (528to (556to (586to (61.1to (63.8to (653to (69.2to
29.8) 33.9) 39.7) 46.4) 50.4) 53.5) 56.5) 59.4) 62.1) 64.9) 68.0) 70.9) 76.4)
Germany 28.7 36.7 425 48.9 523 55.1 575 59.8 62.0 64.1 66.7 68.8 734
(241t0 (339to (40.1to (470to (505to (534to (55.7to (58.1to (60.2to (624to (648to (66.3to (69.6to
333) 39.6) 45.0) 50.9) 54.1) 56.8) 59.3) 61.4) 63.7) 65.9) 68.6) 71.3) 77.2)
Age -0.2 -0.2 -0.2 -0.3 -0.3 -0.3 -03 -0.3 -0.3 -0.3 -0.2 -0.1 -0.1
(-03to (03to (03to (04to (04to (04to (-04to (-04to (-04to (-03to (-03to (-0.2to (-0.2to
-0.0) -0.1) -0.2) -0.2) -0.3) -0.3) -0.3) -0.3) -0.2) -0.2) -0.1) -0.1) 0.0)
Gender -33 -4.0 -4.3 -4.4 -4.8 -4.9 -4.8 -4.6 -4.2 -34 -24 -1.7 -1.1
(-65t0 (60to (6.1to (-59to (6.1to (6.1to (-60to (-58to (-55to0 (-48to (-3.7to (-33to (-43to
-0.1) -2.1) -2.6) -3.0) -3.6) -3.7) -3.6) -3.3) -2.9) -2.0) -1.0) -0.0) 2.1)

Reference values for the United States, United Kingdom, and Germany with percentiles ranging from 1% to 99%. Each value in a
country row contains the reference values for men aged 50 years. Each column contains the corresponding percentiles. A low
percentile indicates low upper extremity functioning, while a high percentile models high upper extremity functioning. Age: With
each additional year beginning at age 50 years, the value from the age row and the same percentile column must be subtracted.
Gender: Negative values indicate lower values for women and positive values higher values for men. To obtain patient-specific
reference values, these values must be calculated. For instance, for an 80-year-old woman from the United Kingdom in the 20th
percentile—low upper extremity functioning, one would have to identify the 20th percentile from the United Kingdom (Tx 299 =
44.3), subtract the corresponding gender value, which can be found in the gender row (Tgender 209 = -4.4), and subtract the value for
age, which can be calculated by multiplying age above 50 years with the corresponding age value (Tageso 209 = 80-50 *-0.3 = -9). This
results in T = 30.9 for an 80-year-old woman from the United Kingdom in the 20th percentile.

years, the corresponding age coefficient must be added, and
for women, the respective gender coefficient.

We provide all patient-specific reference values based on
an additive model including age, gender, and country. This
additive model was chosen because it had the best fit for our
quantile regressions based on AIC and BIC coefficients. The
additive model exhibits the best fit across the 0.01 to 0.99
quantiles for PROMIS PF, as shown by the AIC
(Supplemental Fig. 1; http:/links.lww.com/CORR/B206)
and BIC (Supplemental Fig. 2; http:/links.Iww.
com/CORR/B207). This was similarly observed for
PROMIS UE, where the AIC (Supplemental Fig. 3; http://
links.lww.com/CORR/B208) and BIC (Supplemental Fig. 4;
http://links.lww.com/CORR/B209) also favor the additive
model within these quantiles. The same holds true for
PROMIS PI, where the additive model presents the best fit, as
demonstrated by the AIC (Supplemental Fig. 5; http://links.
lww.com/CORR/B210) and BIC (Supplemental Fig. 6;
http://links.lww.com/CORR/B211).

Internet Application

We created an internet application to provide a better user
experience for clinicians wanting to calculate patients’

specific reference values (Fig. 1). This application is
available at: www.common-metrics.org/PROMIS_PF_
and_PI_Reference_scores.php. Clinicians can receive
patient-specific plots and tables for PROMIS PF, UE,
and PI scores after inputting their patients’ country, age,
and gender.

Discussion

PROMs are vital in assessing health outcomes, and age,
gender, and country are known to impact scores. Despite
this, the lack of detailed, patient-specific reference val-
ues, especially for those aged 50 years and above, cur-
rently limits the accurate interpretation and
comparability of these scores. Recognizing the knowl-
edge gaps in the application of PROMIS scores across
different demographics and countries, we posed three
questions. We sought to determine whether all PROMIS
PF, UE, and PI items could be universally applied across
three countries; to explore the association of age, gender,
and country of residence with these scores; and to un-
derstand the relationship of these variables across a
range of PROMIS PF, UE, and PI scores. Our findings
demonstrate notable associations between age, gender,
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Table 5. Quantile regression coefficients for PROMIS Pl items

Percentiles with 95% Cls

Parameter 1% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99%
United 28.0 327 35.1 38.0 40.9 445 473 49.1 51.1 54.5 60.8 66.6 76.6
States (242to (305to (328to (358to (388to (428to (46.0to (479to (498to (52.7to (583to (63.5t0 (72.2to
31.8) 34.8) 37.4) 40.1) 43.0) 46.1) 48.5) 50.3) 52.5) 56.4) 63.4) 69.6) 81.1)
United 279 326 349 378 404 442 47.6 499 526 56.5 63.5 69.6 784
Kingdom (240to (303to (329to (358to (382to (424to (46.1to (486to (51.1to (546to (61.0to (664to (743to
31.8) 34.8) 36.9) 39.8) 42.6) 46.0) 49.1) 51.3) 54.1) 58.4) 66.0) 72.9) 82.5)
Germany 28.7 337 36.3 40.2 434 46.6 48.8 504 52.0 54.7 594 64.5 71.6
(251to0 (314to (343to (3871to (414to (45.1to (477to (493to (508to (53.0to (572to (61.6to (67.7to
323) 36.0) 38.4) 42.3) 45.5) 48.1) 50.0) 51.4) 53.2) 56.3) 61.7) 67.5) 75.5)
Age 0.0(-0.1 0.0(-00 0.1(00 0.1(.0 0.1(.0 0.1(0.1 0.1(0.0 0.1(0.0 01(0.0 01(0.0 0.0(00 -0.0 0.0 (-0.1
t0 0.2) to 0.1) to 0.1) t0 0.2) t0 0.2) t0 0.2) to 0.1) to 0.1) to 0.1) to 0.1) to0.1) (-0.1to to0.1)
0.1)
Gender 05(-24 06(-1.0 07(-08 12(02 16(02 15(04 1304 16(0.7 1909 25(1.3 24(08 21(00 05(-26
to 3.4) to 2.2) to 2.2) to 2.6) to 3.1) to 2.7) to 2.2) to 2.4) t0 2.9) to 3.8) to 4.1) to 4.2) to 3.7)

Reference values for the United States, United Kingdom, and Germany with percentiles ranging from individuals with very low levels
for PROMIS PI (lowest 1%) to very high levels (99%). Each value in a country row contains the reference values for men aged 50 years.
Each column contains the corresponding percentiles. Age: With each additional year beginning at age 50 years, the value from the
age row and the same percentile column must be subtracted. Gender: Negative values indicate lower values for women and
positive values indicate higher values for men. To obtain patient-specific reference values, these values must be calculated. For
instance, for an 80-year-old woman from the United Kingdom in the 20th percentile, one would have to identify the 20th percentile
from the United Kingdom (20% = 37.8), add the corresponding gender value, which can be found in the gender row (Tgender 20% =
1.2), and add the value for age, which can be calculated by multiplying age older than 50 years by the corresponding age value

(Tageso 200 = 80-50 * 0.1 = 3). This results in T = 42 for an 80-year-old woman from the United Kingdom in the 20th percentile.

and country of residence and PROMIS measures, high-
lighting shifts in PF and PI over time and between gen-
ders. In practical terms, these results can inform
clinicians’ interpretations of patient-reported outcomes,
allowing for a more-nuanced understanding of an in-
dividual patient’s health-related quality of life. When
considering patient care, these findings can aid health-
care providers in making more informed decisions and
better patient assessments by considering a patient’s age,
gender, and country of residence.

Limitations

First, the response rates varied across the three countries:
14% for the United Kingdom, 12% for Germany, and 22%
for the United States. This disparity in response rates might
be attributed to differences in technical access options
between countries. However, because we used random
selection models and robust sampling methods to sample
participants in each country, representativeness of the
presented data can likely still be assumed.

Second, as is the case in any study, nonrandom non-
response remains a potential threat to the representative-
ness of the sample. Especially in older people, reasons for
nonresponse might be related to low scores in the outcome
measures (for example, PROMIS PF). This indicates that
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especially in the lowest percentiles of PROMIS PF and UE
and the highest percentiles of PI, variance in scores might
be somewhat greater than shown in our results. Thus, the
quantile regression coefficients of age, gender, and country
for the most extreme (worst) quantiles of the physical
functioning distributions might be considered conserva-
tive, lower-bound estimates. Importantly, however, this
does not affect the results of our median regression, and
values across quantiles are likely still representative for
“typical” individuals aged over 50 years who participate in
clinical studies or contact a clinician. Additionally, existing
normative demographic data aligned with the collected
populations of the respective countries.

Third, we collected data during a period of lockdown
owing to coronavirus-19 worldwide (April 12, 2021, to
April 28, 2021), which might have influenced PF and PI.
We have no way of knowing the extent to which our
measured constructs were affected by the pandemic;
however, this highlights the importance of timely and
context-specific reference data.

Fourth, we provided patient-specific reference values for
only three countries, which limits worldwide application.
However, until further country-specific reference values be-
come available, our patient-specific reference model could be
adapted by matching the percentiles of another country’s
sample with our age- and gender-specific values because
those were universal for the three countries we evaluated.
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About Plots

1. Country

Select the patient’s country of residence:

Tables

Note: These tables show the quantiles from 1% to 99%, ranging from lowest to highest possible score for each domain,

based on patients with similar age, sex, and country of residence.

(O Wl Germany

@® EE United Kingdom

O EE United States
1% 5% 10%

2. Age 253 294 346

(228, [27.2; [32.6;

Select the patient’s age (between 50 and 100
26.2] 316 36.6]

years):

1% 5% 10%

3. Sex

. 23.9 29.5 34.2
Select the patient’s sex:

[12.2; [27.0; [31.8;
Male ~ 26.1] 326] 36.3)

4. PROMIS Measures

Note: Input the patient's T-score for the relevant

PROMIS measure. 1% 5% 10%
PROMIS Physical Functioning T-Score 27.5 34.4 36.3
i [24.4; [31.8; [35.2;

50 309 352 373

PROMIS Upper Extremities T-Score

50

PROMIS Pain Interference T-Score

50

PROMIS Physical Functioning

20% 30% 40% 50% 60% 70% 80% 90% 95% 9%

410 446 474 500 518 542 576 624 651 703
[39.4; [43.4; [46.4; [48.7; [51.2; [53.3; [56.9; [60.9; [63.6; [68.4;
423) 455] 483) 50.8] 527] 555 588 63.4] 67.4] 84.1)

PROMIS Upper Extremities

20% 30% 40% 50% 60% 70% 80% 90% 95% 99%

401 435 470 494 519 553 583 621 655 706
[37.7; [41.6; [45.0; [48.1; [50.6; [53.9; [57.8; [60.8; [63.6; [67.3;
415 453] 481) 506] 537 565 59.4] 63.3] 67.2] 76.8)

PROMIS Pain Interference

20% 30% 40% 50% 60% 70% 80% 90% 95% 9%

396 432 461 488 513 537 57.0 633 681 773
[38.8; [41.2; [44.8; [46.8; [50.0; [52.6; [54.8; [60.2; [64.5 [75.2;
406) 44.8] 47.3] 502] 527 548 598 669 752 80.3]

Fig. 1 This screenshot shows the Shiny Web application for patient-specific reference data.

Discussion of Key Findings

We found notable differences in PROMIS PF, UE, and PI
scores across the United States, United Kingdom, and
Germany. Individuals from Germany generally had higher
PF, UE, and PI scores across most percentiles than those from
the United States, while participants from the United
Kingdom tended to have lower PF and PI scores. However,
this trend reversed in the higher percentiles, particularly after
the 90th percentile. Our findings are comparable to those of
the European Organization for Research and Treatment of
Cancer computerized adaptive testing core norm data study,
which found larger country-related effect sizes for the phys-
ical function domain than for pain [20]. Our results provide
valuable information for clinicians and researchers in these
countries, because our study illustrates how patient-specific
factors might influence PROs. It is also beneficial for multi-
national studies, allowing for more accurate and informed
interpretation of data. For instance, a clinician treating a pa-
tient in Germany can compare their patient’s scores with the
German-specific reference group, providing a more accurate
representation of their patient’s health status compared with
the general population. Similarly, researchers conducting
cross-hation studies can account for these differences when

designing their studies and interpreting their results, leading to
more meaningful and applicable findings.

Our study reveals an association of age and gender with
all PROMIS domains. As expected, aging was related to a
decrease in PROMIS PF scores and an increase in PROMIS
PI scores, affirming the well-established connection be-
tween advancing age and deteriorating physical function as
well as elevated pain levels [22, 24]. Additionally, we
observed a gender-based difference, with women generally
reporting lower PROMIS PF scores and higher PROMIS PI
scores than men, aligning with previous studies high-
lighting gender disparities in physical function and pain
perception [24, 34]. In clinical practice, these findings
underscore the importance of interpreting PROs in the
context of a patient’s age and gender. It is crucial that
clinicians avoid one-size-fits-all interpretations of
PROMIS scores, but instead, compare patient scores to
age-specific and gender-specific reference values, recog-
nizing that what is considered “normal” or “average” may
vary greatly depending on these factors. In research, rec-
ognizing these differences can lead to more sophisticated
study designs that account for the potential confounding
effects of age and gender, enhancing the validity and
generalizability of our findings.
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The use of plausible value imputation to model reference
scores had some clear benefits. Because we accounted for
measurement error, we modeled PF, UE, and PI on the PRO
metric that was independent from the specific measure used in
this study. We can hence use the same reference values for
PROMIS computerized adaptive tests and other short forms.
Furthermore, our reference values are applicable to other
measures that can be scored using the PROMIS metric [15];
for instance, those that have been already linked in the
PROsetta Stone project (https://www.prosettastone.org). This
project links the PROMIS scales with other related
instruments (such as the Short Form Health Survey, Brief
Pain Inventory; Center for Epidemiologic Studies Depression
Scale; Mood and Anxiety Symptom Questionnaire; or
Functional Assessment of Chronic Illness Therapy-Fatigue
scales) to expand the range of PRO assessment options in a
common metric. Additionally, we not only modeled mean
values but also provided quantiles for the entire distribution of
the relevant sample to allow fine-grained comparisons.

Conclusion

Our study provides new insights into variations in PROMIS
PF, UE, and PI scores across different ages, genders, and
countries. It highlights the importance of using specific refer-
ence values to accurately interpret PROs. These findings can
inform clinicians, researchers, healthcare policymakers, and
developers of PROMs, offering stratified reference data that
can aid in more personalized healthcare delivery. Specifically,
these reference values could allow clinicians to understand
their patients’ health status more accurately and potentially
adjust their treatment plans accordingly. For researchers, these
findings may serve as a reference point for future studies ex-
amining PROs. Healthcare policymakers can use these data to
form a more comprehensive view of the healthcare needs of
different populations, especially those older than 50 years,
helping to shape informed policies. Moving forward, we sug-
gest future studies should expand on our work by considering a
more complex modeling of patient-specific reference values.
This could entail the inclusion of factors such as comorbidities
and treatment variables, which could offer a more compre-
hensive understanding of patient health. However, conducting
such studies requires careful design and thoughtful consider-
ation of the methodologies used. The goal is to extend the use
of precise, patient-specific reference values across the medical
field, helping to improve our interpretation of PROs and ulti-
mately contribute to more effective patient care.

This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download
and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from
the journal.
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