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Abstract

Background Intolerance of uncertainty—the tendency to
overestimate the chance of and be unwilling to accept po-
tential, but unlikely, negative outcomes in uncertain
situations—is a cognitive construct that has been shown to
affect symptoms and limitations for patients with traumatic
and nontraumatic upper-extremity conditions. Cognitive
flexibility and tolerance of uncertainty can be trained and
practiced, with the potential to increase musculoskeletal
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health. However, to our knowledge, the degree to which
intolerance of uncertainty might be associated with symptom
intensity and the magnitude of limitations in adults with
upper-extremity problems has not been characterized.
Questions/purposes After accounting for personal and
social factors, is intolerance of uncertainty independently
associated with (1) the magnitude of physical limitations
and (2) pain intensity?

Methods In this cross-sectional, observational study, 139
new and returning patients presenting to one of four ortho-
paedic offices in a large urban area completed the In-
tolerance of Uncertainty Scale (a validated measure of the
level of comfort with uncertain situations), the Patient-
reported Outcomes Measurement Information System—
Physical Function Upper Extremity computer adaptive test
(to measure the magnitude of limitations), and an 11-point
ordinal measure of pain intensity. The mean age of the 139
participants was 51 years = 16 years and 55% (76 of 139)
were men. Participants presented to the clinics with a wide
variety of upper-extremity conditions, such as trigger finger,
distal radius fractures, lateral epicondylitis, or non-specific
shoulder pain. We also assessed sex, race, marital status,
education level, income, public versus private insurance,
area deprivation index, and the participant’s self-perception
of their healthcare experience through a multiple-choice
question (answer choices: none, some, a little, and a lot of
experience). The following patient characteristics were more
common in our study participants: white, employed, part ofa
married or unmarried couple, and private insurance cover-
age. We created two multivariable linear regression models
to assess factors independently associated with the magni-
tude of limitations and pain intensity.

Results After controlling for potentially confounding vari-
ables including sex, insurance, area deprivation index, and
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type of visit, we found that fewer physical limitations were
associated with a greater intolerance of uncertainty (re-
gression coefficient [B] -0.30; 95% confidence interval,
-0.50 to -0.10; p = 0.003; semi-partial r* = 0.07; adjusted r*
for the full model = 0.16), as was being a man (3 3.2; 95%
CI, 0.08-6.3; p = 0.045; semi-partial r* = 0.03) and having
private insurance coverage (3 5.2; 95% CIL, 2.1-8.2; p =
0.001; semi-partial ¥ = 0.08). After controlling for one
important potentially confounding variable, the level of
education, greater pain intensity was associated with a
greater intolerance of uncertainty (B 0.08; 95% CI,
0.02-0.14; p = 0.009; semi-partial r* = 0.05; adjusted r* for
the full model = 0.08).

Conclusions Intolerance of uncertainty—a byproduct of
cognitive bias and error, which are elements of the normal
functioning of the human mind—increases limitations and
pain intensity across diagnoses, independent of de-
mographic and social factors. Future studies can address
the effect of strategies that incorporate mindset training (for
example, cognitive behavioral therapy and its derivatives)
on musculoskeletal symptoms and limitations.

Level of Evidence Level 11, prognostic study.

Introduction

Psychological distress (for example, the symptoms of anxiety
and depression) and the effectiveness of coping strategies
(such as less-catastrophic thinking and greater self-efficacy)
seem to account for more of the variation in symptom in-
tensity and magnitude of limitations than variations in
pathophysiology, and these findings are consistent for several
musculoskeletal problems and anatomic regions [27-29].
Cognitive fusion—the tendency to view thoughts and emo-
tions as reality instead of merely cognitive events—is con-
nected to pain intensity and the magnitude of limitations,
particularly in people with persistent pain [34, 41-43]. Cog-
nitive fusion is believed to be the basis for symptoms of
depression and anxiety and less-effective cognitive coping
strategies such as catastrophic thinking [11, 29].
Intolerance of uncertainty—the tendency to overestimate
the chance of and be unwilling to accept potential, but un-
likely, negative outcomes in uncertain situations—is a
cognitive construct similar to cognitive fusion. Intolerance
of uncertainty is also related to symptoms and limitations.
Prior investigations have found high levels of intolerance of
uncertainty in patients with generalized anxiety disorder [15,
40]. These high levels were also found in people with
obsessive-compulsive disorder, social phobia, posttraumatic
stress disorder, major depressive disorders, eating disorders,
and psychosis [5, 6, 8, 11, 17, 23, 26, 35, 36, 39, 40, 44].
Lower intolerance of uncertainty correlates with health
anxiety, greater magnitude of limitations, and greater in-
tensity of pain [4, 16]. Training and practice in more-
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effective cognitive coping strategies through interventions
such as cognitive behavioral therapy may limit symptoms
and limitations [20, 37]. This warrants additional in-
vestigation into the relationship between uncertainty and
physical symptoms and limitations to develop targeted
interventions that will help people become and stay healthy.

Cognitive behavioral therapy-based interventions for
heterogeneous anxiety and depressive disorders decrease
intolerance of uncertainty and the symptoms of anxiety and
depression [7]. Individuals with a greater intolerance of
uncertainty have greater health anxiety and increased threat
perception, and feel less in control [2, 13, 14,19, 24,25,32,
38]. Intolerance of uncertainty may help explain patients’
health experiences, particularly those involving mental
health [2]. A prior study of patients’ upper-extremity
musculoskeletal problems found that intolerance of un-
certainty was responsible for part of the effect of pain
anxiety on pain intensity and physical function [16]. In this
study, we addressed whether this relationship was in-
dependent of demographic and social factors. Social sit-
uations with certain levels of uncertainty (such as financial,
housing, or job stress) may accustom an individual to un-
certainty in health or illness.

Specifically, we asked, after accounting for personal and
social factors, is intolerance of uncertainty independently
associated with (1) the magnitude of physical limitations
and (2) pain intensity?

Patients and Methods
Study Design

After institutional review board approval of this cross-
sectional, observational study, we prospectively enrolled 139
patients during a 1-month period, between May 16,2018 and
June 22,2018. Patients were evaluated by one of six surgeons
at four orthopaedic surgery offices in a large urban arca. We
included all new and returning English-speaking patients
with an upper-extremity problem aged between 18 and 89
years. We excluded patients who could not read or speak
English fluently and those who could not provide informed
consent. Research assistants, who were not involved in
treatment, described the study to eligible patients before or
after the visit with the surgeon. All patients who were invited
agreed to participate. We were granted a waiver of docu-
mentation of informed consent, and completion of the sur-
veys by the patient indicated informed consent.

Measurements

Patients were asked to complete a set of questionnaires in
the following order: (1) the Intolerance of Uncertainty
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Scale—short form (IUS-12); (2) Patient-reported Out-
comes Measurement Information System—Physical
Function Upper Extremity (PROMIS PF UE) computer-
ized adaptive test; (3) pain intensity as measured with an
11-point ordinal rating scale; and (4) a demographic illness
questionnaire consisting of age, sex, race or ethnicity, level
of education, work status, marital status, insurance, annual
household income, residential ZIP code, type of visit, and
experience receiving health care.

The TUS-12, a 12-item questionnaire, was used to mea-
sure intolerance of uncertainty [12]. It is a shortened version
of and strongly correlates with the original 27-item ques-
tionnaire [9]. Items are rated on a five-point Likert scale
ranging from 1 (“not at all characteristic of me”) to 5 (“en-
tirely characteristic of me”). The total score is the sum of all
item scores (5-60), with higher scores representing higher
intolerance of uncertainty, ambiguous situations, and the
future [12].

The PROMIS PF UE was used to measure upper-
extremity disability, and higher scores indicate better
physical function [30, 31].

The 2000 area deprivation index (ADI) and ZIP code
provided by each participant was used to calculate the ADI
score [22]. The ADI score is a geographic area-based mea-
sure of the socioeconomic deprivation experienced by a
neighborhood [22]. The index was constructed by consid-
ering 21 socioeconomic indicators that approximate the
material and social conditions and relative socioeconomic
disadvantage in a community [33]. The ADI database set
has a mean of 100 and standard deviation of 20, with higher
scores indicating areas with lower incomes, less education,
underemployment, and other factors. ADI is derived from
the nine-digit ZIP code [22]. Social deprivation may accus-
tom individuals to varying levels of uncertainty. We were
only able to collect five-digit ZIP codes. Although less ac-
curate, we decided to average all nine-digit ZIP code ADI
scores that fit in each five-digit ZIP code to determine an ADI
score corresponding with the various five-digit ZIP codes.

After participants completed the questionnaires, the sur-
geon filled in the diagnosis (see Appendix, Supplemental
Digital Content 1, http://links.lww.com/CORR/A255). All
questionnaires were completed by the patient before their
visits with the surgeon on an encrypted tablet via a Health
Insurance Portability and Accountability Act-compliant
electronic platform: Research Electronic Data Capture, a
secure internet-based application for building and managing
online surveys and databases [21].

Study Population
No patients were excluded from the analysis. The mean age

ofthe 139 patients was 51 years = 16 years and 55% (76 of
139) were men (Table 1). Forty-five percent of the patients

(62 of 129) believed they had substantial healthcare ex-
perience (a lot). We enrolled patients at multiple offices in
the large urban area to diversify the participant population.
The mean scores were 27 + 7.6 for the IUS-12, 43 = 9.6
for the PROMIS PF UE, and 4.2 = 2.7 for pain intensity.

Statistical Analysis

The distributions of continuous variables and assumptions
concerning normality were assessed to determine the appro-
priateness of the statistical tests. Continuous variables are
presented as the mean = SD and discrete data are presented as
proportions. We used Pearson’s correlation tests for the rela-
tionships between continuous variables, ANOVA for cate-
gorical variables, and t-tests to assess differences between
continuous variables. We created two multivariable linear
regression models to assess whether patient demographics
(sex, level of education, insurance, annual income, ADI score,
type of visit, or intolerance of uncertainty) were independently
associated with PROMIS PF UE scores and pain intensity.
We included all variables with p < 0.10 in the bivariate
analysis in the final models (see Appendix, Supplemental
Digital Content 2, http:/links.lww.com/CORR/A256). All
variance inflation factors were less than 2.3, indicating no
collinearity. Although the variance inflation factors were all
below 10 in the multivariable analysis, we tested the
association between IUS-12 and other variables (not in
tables) to look for a possible correlation. We found associa-
tions between the IUS-12 and education and income. There-
fore, we added a third multivariable analysis excluding those
variables to see whether the coefficient of IUS-12 would
change. The regression coefficient (3) indicates the change in
the value of a dependent variable corresponding to the unit
change in the independent variable. The higher the absolute
value of the coefficient, the stronger the effect of the re-
lationship. There were no fixed cutoff scores. The adjusted r*
indicates the amount of variability in the dependent variable
the model accounts for. The semi-partial r* expresses the
specific variability of a given independent variable in the
model. We considered p values < 0.05 to be significant. An a
priori power analysis indicated that a minimum sample of 136
participants would provide 80% statistical power (with alpha
set at 0.05 for a regression with five predictors) if intolerance
of uncertainty would account for 5% or more of the variability
in physical function and our complete model would account
for 15% of the overall variability. To account for 2% in-
complete responses, we enrolled 139 patients.

Results
As intolerance of uncertainty increased, physical function

decreased slightly (r = -0.26; p = 0.017) (see Appendix,
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Table 1. Patient and clinical characteristics

Variables n=139
Age (years), median (range) 54 (20-86)
Men, % (n) 55 (76)
Race, % (n)

White 69 (96)

Latino or Hispanic 14 (20)

Other 17 (23)
Level of education, % (n)

Associate’s degree or lower 45 (63)

Bachelor’s degree or higher 55 (76)
Work status, % (n)

Employed 70 (97)

Out of work or unable to work 6 (8)

Other 24 (34)
Marital status, % (n)

Married or unmarried couple 60 (84)

Divorced or widowed 14 (19)

Single 26 (36)
Insurance, % (n)

Private 60 (84)

Medicare or Medicaid 24 (33)

Other 16 (22)
Annual income, % (n)

< USD 46,000 32 (45)

USD 46,000-USD 75,000 21 (29)

> USD 75,000 47 (65)

Area deprivation index, median (range) 100 (50-122)

Type of visit, % (n)

First visit 85 (127)

Follow-up visit 15 (23)
Healthcare experience, % (n)

None 5(7)

Some 22 (31)

A little 28 (39)

A lot 45 (62)
IUS-12 score, median (range) 27 (12-49)?
Pain intensity, median (range) 4(0-10)°
PROMIS PF UE score, median (range) 43 (20-61)°

Continuous variables are presented as the mean = SD (range);
discrete variables are presented as a number (percentage).
A higher score indicates increased intolerance of uncertainty.
PAs measured on a 11-point ordinal scale, a greater value
indicates greater pain intensity.

A higher score indicates a higher level of physical function.
IUS-12 = Intolerance of Uncertainty Scale-Short Form; PROMIS
PF UE = Patient-reported Outcomes Measurement Information
System Physical Function—Upper Extremity.
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Supplemental Digital Content 2, http://links.Iww.
com/CORR/A256). After controlling for potentially
confounding variables including sex, insurance, ADI, and
type of visit, we found that greater intolerance of
uncertainty, indicated by higher IUS-12 scores, was in-
dependently associated with better physical function
(measured with the PROMIS PF UE) (regression co-
efficient [3] -0.26; 95% confidence interval, -0.47 to -0.05;
p = 0.017; semi-partial r* = 0.04; adjusted 1> for the full
model = 0.16) (Table 2). This means that for every one-
point increase in intolerance of uncertainty (IUS-12 score),
there was a 0.26-point decrease in physical function
(PROMIS PF UE score), which means that a 38-point in-
crease in intolerance of uncertainty would result in a single
SD decrease in the PROMIS PF UE score (10 points). In
this same model, we also found that better physical func-
tion was independently associated with being a man (3 3.3;
95% CI, 0.18-6.4; p = 0.039; semi-partial = 0.03), as was
having private insurance (3 4.6; 95% CI, 1.1-8.2; p = 0.
011; semi-partial r* = 0.04). In our tertiary analysis, ex-
cluding possible collinear variables (education and in-
come) with the IUS-12, we found a change in the
regression coefficient of IUS-12 from -0.26 to -0.30
(Table 2). In this model, lower intolerance of uncertainty
was independently associated with better physical function
(B -0.30; 95% CI, -0.50 to -0.10; p = 0.003; semi-partial
1> =0.07; adjusted r* for the full model = 0.16), being a man
(B 3.2;95% CI, 0.08-6.3; p=0.045; semi-partial = 0.03),
and having private insurance (3 5.2; 95% CI, 2.1-8.2; p=0.
001; semi-partial r* = 0.08).

As intolerance of uncertainty increased, pain intensity
increased slightly (r = 0.08; p = 0.009). After controlling
for a potentially confounding variable, the level of educa-
tion, we found that greater intolerance of uncertainty was
independently associated with greater pain intensity
(measured with an 11-point ordinal rating scale) (8 0.08;
95% CI, 0.02-0.14; p = 0.009; semi-partial ? = 0.05; ad-
justed r* for the full model = 0.08) (Table 2). This means
that for every one-point increase in intolerance of un-
certainty (IUS-12 score), there was a 0.08-point increase in
pain intensity (11-point ordinal scale), with a minimal
clinically important difference of 1 to 2 points, depending
on the context [1].

Discussion

People with intolerance of uncertainty tend to have
distressful emotions, thoughts, and behaviors in re-
sponse to uncertain events and situations [7, 10]. This
study assessed the correlations of intolerance of
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Table 2. Multivariable linear regression analysis of factors independently associated with PROMIS PF and pain intensity

Dependent Regression coefficient  Standard
variables Independent variables [B] (95% CI) error p value Semipartial ¥  Adjusted r?
PROMIS PF UE Sex 0.16
Female Reference value
Male 3.3(0.18-6.4) 1.6 0.039° 0.03
Level of education
Associate’s degree or lower Reference value
Bachelor’s degree or higher 20 (-1.3to 5.4) 1.7 0.23
Insurance
Private 46 (1.1-8.2) 1.8 0.011° 0.08
Annual income
< USD 46,000 Reference value
USD 46,000-USD 75,000 0.81 (-3.8t0 5.4) 23 0.73
> USD 75,000 0.47 (-3.9t0 4.9) 2.2 0.83
Area deprivation index -0.07 (-0.20 to 0.06) 0.07 0.30
Type of visit
First visit Reference value
Follow-up visit -1.6 (-4.9 to 1.6) 1.6 0.319
IUS-12 -0.26 (-0.47 to -0.05) 0.11 0.017° 0.07
PROMIS PF UE®  Sex 0.16
Women Reference value
Men 3.2 (0.08-6.3) 1.6 0.045° 0.03
Insurance Reference value
Medicare/Medicaid/other Reference value
Private 5.2 (2.1-8.2) 1.6 0.001° 0.08
Area deprivation index -0.09 (-0.21 to 0.03) 0.06 0.155
Type of visit
First visit Reference value
Follow-up visit -14 (-4.6 to 1.8) 1.6 0.385
IUS-12 -0.30 (-0.50 to -0.10) 0.10 0.003° 0.07
Pain intensity Level of education 0.08
Associate’s degree or less Reference value
Bachelor’s degree or higher -0.88 (-1.8 to 0.02) 0.45 0.055
IUS-12 0.08 (0.02-0.14) 0.03 0.009° 0.05

Only the semipartial r* of significant variables is reported.

Significant difference.

PAdditional multivariable analyses were performed to test the influence of 1US-12 on PROMIS-PF, excluding possible collinear
variables (education and income) with 1US-12. PROMIS PF UE = Patient-reported Outcomes Measurement Information System

Physical Function—Upper Extremity; IUS-12 = Intolerance of Uncertainty Scale-Short Form.

uncertainty with the magnitude of limitations and pain
intensity in adults with upper-extremity conditions,
both directly and accounting for other demographic or
social factors such as patient sex, age, and level of ed-
ucation. The finding that intolerance of uncertainty
leads to greater symptoms and limitations suggests that
efforts to improve psychological flexibility could be
further investigated for their potential to enhance mus-
culoskeletal health.

There are some limitations to this study. First, our de-
cision to average the nine-digit ZIP code ADI scores in
each five-digit ZIP code might not sufficiently account for
variations in deprivation in a relatively large area. Future
studies could use the newly released 2013 ADI dataset and
nine-digit ZIP codes (not available for use when we initi-
ated our study) for more-accurate comparisons between
socioeconomic deprivation and clinical outcomes. Second,
data were collected from English-speaking patients in one

{E}QWolters Kluwer

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



386 Donthula et al.

Clinical Orthopaedics and Related Research™

urban area. Despite attempts to enroll patients from var-
ious offices in the large urban area, most participants were
white or employed, had private insurance coverage, and
were part of a married or unmarried couple, which might
limit the generalizability of our results to other pop-
ulations with different demographic distributions. De-
spite our attempts to minimize bias and approach every
patient during the period of enrollment, and even though
all agreed to participate, our resulting population was not
very diverse. It may be worthwhile to repeat this study but
include non-English-speaking participants and a larger
number of participants with a lower socioeconomic sta-
tus, and even collect nine-digit ZIP codes to account for
variations in ADI scores or deprivation. Third, the
inclusivity of the study with a range of diagnoses, typical
of people seeing an upper-extremity specialist, has
advantages and disadvantages. It represents daily prac-
tice, but there may be varied findings relating to in-
tolerance of uncertainty to physical function or pain by
specific diagnosis.

We found that greater intolerance of uncertainty was
associated with a greater magnitude of upper extremity-
specific limitations, independently of other factors. This
finding is consistent with a previous study of patients with
upper-extremity conditions finding that anxiety in response
to nociception (pain anxiety) mediates (explains the pro-
cess underlying) the relationship between pain intensity
and physical limitations [16]. This prior study also found
that intolerance of uncertainty moderates or conditionally
determines whether this mediation occurs [16]. The finding
that private insurance was independently associated with
better physical function likely reflects a better socioeco-
nomic status, which often entails having a meaningful
position in society by virtue of employment. This line of
evidence establishes that the notable variation in symptom
intensity and magnitude of variation for a given noci-
ception (pathophysiology) is, in part, accounted for by
one’s cognitive experience. The possibility that malad-
aptive cognitive experiences such as intolerance of un-
certainty and psychological distress (for example, pain
anxiety) are alleviated by mindset training (such as cog-
nitive behavioral therapy and its derivatives) expands im-
portant treatment options for people with musculoskeletal
illness.

We also found that greater intolerance of uncertainty
was associated with greater pain intensity. The combined
evidence of our study and a prior study confirms that in-
tolerance of uncertainty has an indirect or direct effect on
pain intensity and the magnitude of limitations [16]. An-
other study exploring the impact of intolerance of un-
certainty in healthy adults on pain intensity found that
intolerance of uncertainty was moderately correlated with
pain intensity in response to transcutaneous electrical
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stimulations and was associated with worsened subjective
pain [3]. Identification of intolerance of uncertainty early
during treatment might help limit the transition from acute
to persistent pain, especially given the uncertainty inherent
in most orthopaedic illnesses [16]. A study examining the
relationship between intolerance of uncertainty and opioid
use found that individuals with opioid dependence exhibit
higher levels of intolerance of uncertainty than people who
do not regularly use opioids [ 18]. The weight of evidence to
date indicates there is merit in investigating the prevalence
of intolerance of uncertainty in patients with orthopaedic
conditions and the effectiveness of treatment strategies that
can help people be more comfortable with uncertainty.
These findings can then be used as evidence to warrant
interventions that address cognitive coping strategies in
patients.

Our results and evidence to date suggest that in a variety
of traumatic and nontraumatic orthopaedic conditions, in-
tolerance of uncertainty affects symptom intensity and the
magnitude of disability, independent of demographic and
social factors [16]. Ultimately, clinicians should help
patients share their concerns, particularly regarding un-
certain aspects of their illness, and work with patients to
manage and increase their comfort with uncertainty, which
is inherent in sickness and even health. Intolerance of un-
certainty can be quantified using the IUS-12, which our
study found to be a useful measure for people with upper-
extremity conditions. Clinicians could also identify in-
tolerance of uncertainty in the form of verbal and
non-verbal indicators. When substantial uncertainty is
identified, the surgeon can reflect it back to the patient to
forward the discussion: “The uncertainty about how this
will turn out seems to be uncomfortable for you.” In this
way, patients are prompted to consider and then commu-
nicate their feelings by agreeing or disagreeing with this
statement. The surgeon can normalize this discomfort as a
part of the illness and indicate that developing tolerance to
this uncertainty can help the patient feel better and improve
their experience. People who show insight (agree that they
are uncomfortable with uncertainty) and express interest in
working to increase their tolerance of this uncertainty can
be offered support. This may be in the form of workbooks,
websites or applications, or formal cognitive behavioral
therapy and related approaches [16]. Surgeons should be
patient with this development of insight, working to
develop a trusting relationship and being incremental
(distributing this effort and care over the course of multiple
visits) in their care strategy. An important aspect of this
strategy is resisting the pressure to order tests and treat-
ments that are unlikely to address pathophysiology in a
useful way, and risk reinforcing maladaptive cognitive
coping strategies or false hope. The results of this study
substantiate the need for providers to offer support to their
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patients that directly addresses psychological distress and
the less-effective coping strategies patients may use to
manage their intolerance of uncertainty.
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