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Abstract

Background This study comprehensively examined the psychometric properties of the Brief Mishel Uncertainty in IlI-
ness Scale for patients (MUIS-P) managing advanced cancer and their caregivers (MUIS-Cg).

Methods The MUIS-P and MUIS-Cg scales were developed based on the Mishel Uncertainty in lliness Scale-Adult. We
conducted a secondary analysis to test the acceptability, factor structure, reliability, and validity of the brief uncer-
tainty scales for patients with advanced cancer (N=484) and their caregivers (N=484) using data from a randomized
clinical trial.

Results The 9-item MUIS-P and MUIS-Cg show goodness of fit for a two-factor structure (unpredictability and ambi-
guity) with adequate to acceptable internal consistency (Cronbach’s alpha 0.66—0.78 for patients and 0.70-0.72

for caregivers and McDonald’s omega 0.72-0.84 for patients and 0.76-0.79 for caregivers). The MUIS-P and MUIS-Cg
scores correlated with negative appraisals of illness/caregiving, hopelessness, and avoidant coping, demonstrating
convergent validity. The discriminant validity of the MUIS-P and MUIS-Cg was evidenced by their significant correla-
tions with self-efficacy and active coping. The baseline MUIS-P and MUIS-Cg scores were significantly associated
with quality of life, hopelessness, depression, distress, and avoidant coping at the 3-month follow-up, indicating their
strong predictive validity.

Conclusion This study comprehensively evaluated the psychometric properties of the MUIS-P and MUIS-Cg, lay-
ing a foundation for their use in research and clinical practice among patients and caregivers managing demanding
symptoms and care.
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Background

Illness uncertainty is prevalent among patients with can-
cer and their family caregivers [1]. Defined as “a person’s
inability to determine the meaning of illness-related
events [2]’, illness uncertainty can persist from diagnosis
through survivorship until the end of life. Research has
shown 26% [3] to 36.4% [4] of patients with cancer and
metastatic cancer reported unmet needs related to cop-
ing with uncertainty, respectively, especially those with
comorbid cardiovascular diseases and low functions [4].
Research indicates that cancer patients’ family caregivers
also experience illness uncertainty [1]. Increased illness
uncertainty increases cancer patients’ anxiety, depression
and post-traumatic distress [5] and adversely affects their
psychological adjustment [6], health behaviors [7], and
patient and caregiver quality of life [8, 9]. There is a press-
ing need to identify patients and caregivers who experi-
ence significant illness uncertainty, to support them in
managing uncertainty, and ultimately to improve their
health outcomes during cancer survivorship.

Given the importance of uncertainty in oncologic care,
access to a psychometrically sound measure is a critical
first step to accurately assess illness uncertainty and iden-
tify those in need of supportive cancer care. In 1981, Dr.
Mishel published the first Mishel Uncertainty in Illness
Scale for Adults (MUIS-A) to assess illness uncertainty
in hospitalized patients during acute maladies [10]. The
MUIS-A scale groups 33 items into four domains: ambi-
guity (the absence of cues or vagueness of cues concern-
ing the illness), complexity (cues about treatment and the
system of care are multiple and varied), inconsistency
(information changes frequently or not in accord with
information previously received), and unpredictability
(inability to make a daily or future prediction concerning
symptom and illness outcome) [11]. Mishel later modi-
fied the MUIS-A and created the Mishel Uncertainty in
Illness Scale-Community form (MUIS-C) to assess the
enduring uncertainty among non-hospitalized patients
with chronic illness [12]. She also developed the Parent
Perception of Uncertainty Scale (PPUS) (31 items) [13]
and the family member version of the PPUS (PPUS-FM)
(31 items) to measure family caregivers’ illness uncer-
tainty experiences [12].

However, there is a lack of reliable and valid instru-
ments to assess uncertainty among those who manage
terminal illnesses with paramount care demands, such as
patients with advanced cancer and their caregivers. From
a clinical perspective, the existing MUIS tools (33 items
for patients and 31 items for caregivers) are burdensome
for patients with advanced cancer and their caregivers,
who often feel overwhelmed by the patient’s health con-
dition and care demands. A 5-item MUIS Spanish ver-
sion was recently used to assess the uncertainty among

Page 2 of 11

patients with metastatic cancer [4]. Yet, this question-
naire was initially adopted for patients in the emergency
department and their relatives [14]. Testing the psycho-
metric properties of a brief English version of the MUIS
is urgently needed to clinically assess uncertainty and
ensure its reliability and validity without increasing the
burden on advanced cancer patients and their caregiv-
ers. Although the current scales attempt to capture the
multidimensionality of illness uncertainty (i.e., ambigu-
ity, complexity, inconsistency, and unpredictability), the
results of the psychometric evaluation have shown var-
ied factor structures, ranging from 1-4 factors among
different study populations [11, 14]. To the best of our
knowledge, no research has conducted comprehensive
psychometric testing, including factor analysis, on the
illness uncertainty scales among patients with advanced
cancer and their caregivers who face intensified chal-
lenges, such as physical symptoms and mental distress
associated with choosing between active treatment or
comfort, the timing for advance care planning, and the
prognosis. In addition, advanced cancer patients fre-
quently transition between professional hospital care and
home self-management, and even hospice care. There-
fore, these patients and caregivers may experience press-
ing illness uncertainty that differs from those associated
with acute and chronic illnesses and related treatment
with curative intent [15].

Development of the Brief MUIS for patients with advanced

cancer (MUIS-P) and their caregivers (MUIS-Cg)

The MUIS-P and MUIS-Cg were developed based on
the MUIS-A which is the original version with the most
comprehensive assessment items. Based on the inter-
views of hospitalized patients about their experiences
with illness and hospitalization with input from a group
of nurses, doctors, and patients [10], Dr. Mishel devel-
oped the MUIS-A as a 5-point Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree). MUIS-A sums
all items to provide a total score; higher scores indicate a
higher level of illness uncertainty.

To measure illness uncertainty among advanced cancer
patients and caregivers, the team worked with Dr. Mishel
and three content experts to shorten the MUIS-A to a
brief format (MUIS-P) based on extensive expert discus-
sions, considering reducing participants’ burden when
they manage significant symptoms and distress. The team
then adjusted the scale for caregivers to self-report their
illness uncertainty while managing advanced cancer. They
evaluated the content validity of both the patient and car-
egiver versions of the scales through six focus groups that
consisted of 22 men with prostate cancer, including those
with advanced cancer, and 20 spousal caregivers [16, 17].
During the focus group, the team debriefed participants
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to ensure that the questionnaire was clear, easy to under-
stand, relevant to patients with advanced cancer and
their caregivers, and that the wording was appropriate
and acceptable. The team also assessed the difficulty of
these scales, participants’ understanding of items, and
time for completion (unpublished). According to Mishel’s
original work, the questionnaire was designed to be
understood by individuals with a 7th-grade reading level.
The questionnaire responses were changed from a 5-item
to a 4-point Likert scale ranging from 1 to 4 (not at all,
a little, some, a lot) to capture the level of illness uncer-
tainty while reducing respondents’ cognitive burden. Dr.
Mishel, the original developer of the Mishel Uncertainty
in Illness scale, approved the final versions of the MUIS-
P and MUIS-Cg (Table 1).

In the present study, we comprehensively evalu-
ated the psychometric properties of the MUIS-P and
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MUIS-Cg, including acceptability, floor and ceiling
effects, factor structure, and reliability, among patients
with advanced cancer and their caregivers. We also
examined their validity based on Mishel’s Uncertainty
in Illness Theory [2], Han’s taxonomy of uncertainty
in health care [18], and illness uncertainty literature
[15, 19]. We hypothesized that, among patients with
advanced cancer and their caregivers, 1) illness uncer-
tainty would positively correlate with negative apprais-
als of illness/caregiving, hopelessness, and avoidant
coping (i.e., convergent validity), 2) illness uncertainty
would negatively correlate with active coping and
self-efficacy (i.e., discriminant validity), and 3) illness
uncertainty at baseline would have a negative asso-
ciation with quality of life. We also hypothesized that
uncertainty at baseline would positively correlate with
hopelessness, depression, distress, and avoidant coping
at the 3-month follow-up (i.e., predictive validity).

Table 1 MUIS-P and MUIS-Cg: Acceptability, Floor/Ceiling Effects, and Iltem-correlation for Patients with Advanced Cancer and Their

Family Caregivers

MUIS-P
[tems N Mean SD %atfloor % atceiling Item-total Correlation
1. 'have a lot of questions about my iliness 484 263 089 1240 15.50 0.52
2.1am unsure if the treatment | am getting for my cancer is helping 484 230 1.1 3285 18.18 0.59
#3.1 know what side effects to expect from my treatment 484 182 086 4194 558 0.31
4. | feel uncertain about the future because of my illness 484 290 101 1219 34.71 0.70
5. Because of my illness, | am unsure what activities | will be able to do from day- 484 256  1.02 19.01 20.66 0.70
to-day
6.1 am bothered by the uncertainty caused by my illness 484 274 102 1426 27.89 0.73
#7.The plan for treating my cancer is clear to me 484 181 088 43.80 599 0.51
#8.1can manage the uncertainty that my illness creates 484 201 077 2583 3.10 0.57
#9.1 understand all of the information | have received about my illness 484 165 075 4876 248 047
Scale total 484 2042 478 083 0.21 -

MUIS-Cg
[tems N Mean SD %atfloor % atceiling Item-total Correlation
1.1 have a lot of questions about his/her illness 484 261 095 1364 19.63 0.51
2.1am unsure if the treatment he/she is getting for cancer is helping 484 227 1.06 3079 15.70 0.57
#3.1 know what side effects to expect from his/her treatment 484 191 088 3698 6.40 045
4.1 feel uncertain about the future because of his/her illness 484 280 099 11.78 28.72 0.58
5. Because of his/her illness, | am unsure what activities | will be able to do from 484 226 102 2913 13.22 0.59
day-to-day
6.1am bothered by the uncertainty caused by his/her iliness 484 263 097 1343 22.11 0.63
#7.The plan for treating his/her cancer is clear to me 484 188 092 4236 6.82 0.56
*8.1 can manage the uncertainty that his/her illness creates 484 199 077 2583 372 0.50
#9.lunderstand all of the information | have received about his/her illness 484 173 077 4339 2.89 0.59
Scale total 484 20.07 463 1.03 0.41 -

1) The results were reported after data imputation

2) Item with # needs to be reverse scored

3) MUIS-P: Brief Mishel Uncertainty in lliness Scale for patients with advanced cancer

4) MUIS-Cg: Brief Mishel Uncertainty in lliness Scale for family caregivers
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Methods

We conducted a secondary data analysis from a rand-
omized controlled trial (RCT) that tested the effects of a
dyadic-based psychoeducational intervention on psycho-
logical outcomes for patients with advanced cancer and
their family caregivers (RO1CA107383, PI: Northouse;
Clinicaltrial.gov registration number: NCT00709176,
registration date: 2008—07-03). The study was conducted
in accordance with the Declaration of Helsinki. The
study design and procedure were previously published
[20]. The original study received Institutional Review
Board (IRB) approval from the cancer center recruitment
sites and the University of Michigan (coordinating site)
(IRBMED No. 2004—0129). The University of North Car-
olina at Chapel Hill IRB exempted this secondary analysis
of the extant deidentified data involving no direct con-
tact with participants. All participants provided written
informed consent before data collection. To eliminate
the intervention effects on illness uncertainty, we used
the baseline data (N=484 patients and N=484 caregiv-
ers) before randomization to assess the acceptability, fac-
tor structure, reliability, and convergent and discriminant
validity. We used the control group data at the baseline
and 3-month follow-up (n=118 patients and n=118 car-
egivers) to assess the predictive validity.

Participants

The original RCT deemed patients eligible if they had
advanced (stage III or IV) lung, colorectal, breast, or
prostate cancer diagnosis, a life expectancy of > 6 months
(as indicated by their oncologist), were>21 years of
age, lived within 75 miles of one of the four participat-
ing cancer centers, and had a family caregiver willing to
participate in the study. The original research excluded
patients diagnosed with multiple primary cancer sites.
The RCT included family caregivers who were > 18 years
old and identified by patients as the primary person who
provided emotional and/or physical care and excluded
caregivers diagnosed with cancer within the past year or
receiving active cancer treatment.

Instruments

Brief Mishel Uncertainty in llness Scale for patients

with advanced cancer (MUIS-P) and caregivers (MUIS-Cg)
Patients with advanced cancer and their caregivers com-
pleted the MUIS-P and MUIS-Cg separately to assess
their own illness uncertainty [20]. The MUIS-P and
MUIS-Cg each consist of nine items, each scored on a
4-point Likert scale from 1 (not at all) to 4 (a lot). The
total possible scores range from 9 to 36; higher scores
indicate higher illness uncertainty.
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Instruments for validity testing

As suggested by Henrica de Vet et al. [21], we used
hypothesis testing to explore the validity of MUIS-P and
MUIS-Cg. We used the Mishel Uncertainty in Illness
Theory [2] and Han’s taxonomy of uncertainty in health
care [18] to guide the selection of the variables for testing
the MUIS-P and MUIS-Cg construct validity (convergent
and discriminant) and predictive validity in the following
hypotheses. Each measurement scale of the selected vari-
ables has prior evidence of reliability and validity.

Convergent validity We hypothesized that in patients
with advanced cancer and their caregivers, higher illness
uncertainty would positively correlate with more nega-
tive appraisals of illness/caregiving, hopelessness, and
avoidant coping.

Appraisals of illness/caregiving. The 32-item Apprais-
als of Illness Scale assessed patient and caregiver per-
ceptions of the degree of threat associated with illness
and caregiving [22, 23]. Hopelessness. The 20-item Beck
Hopelessness Scale measured the three major aspects of
hopelessness: feelings about the future, loss of motiva-
tion, and expectations among patients and caregivers
[24]. Avoidant Coping. Carver’s Brief Cope (COPE) scale
assessed avoidant coping through denial, self-distrac-
tion, behavioral disengagement, venting, and self-blame
among patients and caregivers [25].

Discriminant validity We hypothesized that illness
uncertainty would negatively correlate with active coping
and self-efficacy.

Active coping. The COPE scale assessed active coping
through emotional support, positive reframing, planning,
acceptance, and instrumental support [25]. Self-efficacy.
The 17-item Lewis Cancer Self-efficacy Scale assessed
patient and caregiver confidence in managing advanced
cancer [26].

Predictive validity 'We hypothesized that illness uncer-
tainty at baseline would negatively correlate with quality
of life and positively correlate with hopelessness, avoid-
ant coping, depression, and distress at the 3-month
follow-up.

Quality of life. We used the Functional Assessment
of Cancer Therapy-General (version 4) (FACT-G) and
Caregiver FACT-G to assess patient and caregiver can-
cer-specific overall quality of life and well-being in four
domains (social, emotional, functional, and physical) [9,
27]. Depression. The 20-item Center for Epidemiological
Studies-Depression Scale assessed patient and caregiver
depressive symptomatology [28]. Distress. Using a 0—10
rating scale, the Distress Thermometer assessed patient
and caregiver distress levels [29].
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Data analysis

We used R software (R 4.1.2, Vienne, Austria) for the
data analysis. To maintain consistency in item wording,
we reverse-coded items 3, 7, 8, and 9 during data analy-
sis. We calculated the percentage of missing data, and the
floor and ceiling effects (the lowest and highest responses
from participants, which can influence a questionnaire’s
responsiveness to change) at the item level [30], and
item-total correlations. The overall level of missingness
in the sample was 0.20%, with individual item missing-
ness ranging from 0%—0.83%. The highest rates of miss-
ing data were observed for item 2, “I am unsure if the
treatment I am getting for my cancer is helping” (0.83%),
and item 8, “I can manage the uncertainty that my illness
creates” (0.62%). We imputed missing items using the
mean of observed items for each participant. We ran-
domly split the sample into two subsamples of equal size
(n=242) and used one subsample for exploratory fac-
tor analysis (EFA) and the other for confirmatory factor
analysis (CFA) [31]. To ensure the EFA data’s appropri-
ateness, we examined the Kaiser—Meyer—Olkin measure
of sampling adequacy (KMO) and Bartlett’s Test of Sphe-
ricity; we required a KMO >0.60 and a significant chi-
square value of Bartlett’s test to continue with the factor
analysis [32]. We conducted an EFA using the principal
component method with oblique (Promax) rotation to
evaluate pattern matrices. We based the decision for the
number of factors on how many eigenvalues of the cor-
relation matrix are greater than 1.0 and the scree plot
[33]. For CFA, we used the maximum likelihood estima-
tion method to assess model fit. We used the compara-
tive fit index (CFI) (>0.95 indicating an excellent fit), the
Tucker-Lewis index (TLI) (>0.95 indicating an excellent
fit), standardized root mean square residual (SRMR)
(<0.08 indicating a good fit), and root mean square error
of approximation (RMSEA) (<0.06 indicating a good fit)
to examine model fit [34]. We examined Cronbach’s alpha
and McDonald’s omega (to account for the possibility
that items may contribute unequally to the total variance)
coefficients and correlations between the subscales and
the total scale for internal consistency testing. Finally, we
conducted Pearson correlation analyses to examine the
MUIS-P and MUIS-Cg’s convergent, discriminant, and
predictive validity with the abovementioned instruments.

Results

Patient and caregiver characteristics

Among the 484 participating dyads, the mean age was
60.5 years (SD=11.5; range 26-95) and 56.5 years
(SD=13.4; range 18-88) for patients and caregivers,
respectively. The mean education level for patients and
caregivers was 15 years. Most patients (62%) and car-
egivers (56.8%) were female. Most patients (78.9%) and
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caregivers (79.6%) were White. Patients had advanced
breast (32.4%), lung (29.1%), colorectal (25.4%), and pros-
tate cancer (13.0%). Approximately 41% of patients had
their diagnosis for less than one year. Most caregivers
were spouses (70%).

MUIS-P and MUIS-Cg acceptability and floor/ceiling effects
MuUIs-P

The mean total score was 20.42 (SD=4.78) (Table 2). The
floor effects (lowest scores) varied from 12.19%—48.76%,
with the highest percentage occurring in the item “I
understand all of the information I have received about
my illness”” The ceiling effect (highest scores) varied from
2.48%—34.71%, with the highest percentage occurring in
the item “I feel uncertain about the future because of my
illness” Item-total correlations—relationships between
individual items and the total scale score—ranged from
0.31-0.73.

MUIS-Cg

The mean total score was 20.07 (SD=4.63) (Table 2). The
floor effects varied from 11.78%—43.39%, with the high-
est percentage occurring in the item “I understand all of
the information I have received about his/her illness” The
ceiling effect varied from 2.89%—28.72%, with the highest
percentage occurring in the item “I feel uncertain about
the future because of his/her illness” Item-total correla-
tions—relationships between individual items and the
total scale score—ranged from 0.45-0.63.

MUIS-P and MUIS-Cg factor structure: EFA and CFA

MUIS-P

The EFA results from the first split patient sample
(n=242) suggested a correlated two-factor structure
as the preferred choice, determined by the number of
eigenvalues of the correlation matrix greater than 1.0.
The largest eigenvalue was 2.944, and the second larg-
est was 1.982. All items loaded above 0.4 with excel-
lent KMO and Bartlett’s Test of Sphericity values for
patients [KMO=0.77; Bartlett's Test=590.009(36),
p<0.0001]. The correlated two-factor model explained
54.7% of the variance of illness uncertainty. The two fac-
tors were named unpredictability and ambiguity, respec-
tively (Table 2). Table 3 displays the factor loadings. The
CFA assessed the fit of the two-factor model using the
second split patient sample (n=242). The two-factor
model showed an excellent fit: x2 (26) =44.722, p=0.013;
CFI=0.968; TLI=0.955; RMSEA =0.055 (90% CI [0.025,
0.081]); SRMR =0.063 (Table 3).

MUIS-Cg
The EFA results from the first spit caregiver sample
(n=242) suggested a correlated two-factor structure
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Table 2 Exploratory factor analysis for MUIS-P and MUIS-Cg
MUIS-P (n=242)
Items Factor 1 (Unpredictability) Factor 2 (Ambiguity)
1. have a lot of questions about my iliness 0.43 0.13
2.1am unsure if the treatment | am getting for my cancer is helping 0.60 0.14
#3.1 know what side effects to expect from my treatment -0.21 0.69
4. | feel uncertain about the future because of my illness 0.87 -0.13
5. Because of my illness, | am unsure what activities | will be able to do from day-to-day 0.79 0.02
6.1 am bothered by the uncertainty caused by my iliness 0.88 -0.09
#7.The plan for treating my cancer is clear to me -0.11 0.79
#8.1 can manage the uncertainty that my illness creates 0.22 0.65
#9. 1 understand all of the information | have received about my illness —-0.05 0.78

1. I'have a lot of questions about his/her illness

2.1am unsure if the treatment he/she is getting for cancer is helping
#3_ | know what side effects to expect from his/her treatment

4. | feel uncertain about the future because of his/her illness

5. Because of his/her illness, | am unsure what activities | will be able to do from day-to-day

6.1 am bothered by the uncertainty caused by his/her iliness

#7.The plan for treating his/her cancer is clear to me

#8.1 can manage the uncertainty that his/her illness creates
#9.lunderstand all of the information | have received about his/her illness

MUIS-Cg (n=242)
Factor 1 (Unpredictability)

Factor 2 (Ambiguity)

0.39 0.23
0.45 0.21
-0.20 0.76
0.85 -0.16
0.82 —-0.08
0.80 -0.01
-0.09 0.81
0.14 0.60
-0.02 0.84

1) We randomly split the sample into two subsamples of equal size and used first-split subsample for exploratory factor analysis

2) ltem with # needs to be reverse scored

3)The important factor loadings are in bold font

Table 3 Confirmatory factor analysis for MUIS-P and MUIS-Cg

Global model fit

MUIS-P (n=242)

MUIS-Cg (n=242)

x2-test for discrepancy between sample and fitted covariance

matrices
Comparative fit index (CFI)
Tucker Lewis index (TLI)

Root mean square error of approximation (RMSEA)

X2 =44722,df = 26,p = 0013

0.968
0.955
0.055 (90% CI(0.025,0.081))

x2 = 55.113,df = 26,p = 0.001

0.928
0.900
0.068 (90% CI (0.043,0.093))
0.066

Weighted standardized root mean square residual index 0.063

We randomly split the sample into two subsamples of equal size and used a second-split subsample for confirmatory factor analysis

as the preferred choice, determined by the number of
eigenvalues of the correlation matrix greater than 1.0.
The largest eigenvalue was 3.020, and the second larg-
est eigenvalue was 1.743. All items loaded above 0.4 with
excellent KMO and Bartlett’s Test of Sphericity values
for caregivers [KMO =0.77; Bartlett’s Test=518.849(36),
p<0.0001]. The two-factor model explained 52.9% of the
variance of illness uncertainty. The correlated two factors
were named unpredictability and ambiguity, respectively
(Table 2). Table 3 presents the factor loadings. The CFA
assessed the fit of the two-factor model using the second
split caregiver sample (n=242). The two-factor model

showed an acceptable fit: y*> (26)=55.113, p=0.001;
CFI=0.928; TLI=0.900; RMSEA =0.068 (90% CI [0.043,
0.093]); SRMR =0.066 (Table 3).

MUIS-P and MUIS-Cg internal consistency testing

MUIS-P

Cronbach’s alpha ranged from 0.66-0.78 for the total
scale and the subscales, indicating adequate internal con-
sistency [35]. McDonald’s omega ranged from 0.72-0.84
for the total scale and the subscales, indicating accept-
able to good reliability [36, 37]. The correlation between
the two subscales (0.22, p<0.001) indicated a small
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relationship. The correlations between the total scale
and the two subscales were 0.88 (p<0.0001) and 0.65
(p<0.0001), indicating significant relationships (Table 4).

MUIS-Cg
Cronbach’s alpha ranged from 0.70-0.72 for the total
scale and the subscales, indicating acceptable internal
consistency. McDonald’s omega ranged from 0.76-0.79
for the total scale and the subscales, indicating accept-
able reliability [36, 37]. The correlation between the two
subscales was 0.24 (p<0.0001), indicating a small rela-
tionship. The correlations between the total scale and the
two subscales were 0.86 (p <0.0001) and 0.71 (p <0.0001),
indicating significant relationships (Table 4).

MUIS-P and MUIS-Cg validity testing (Table 5)

Convergent validity

The patients’ illness uncertainty subscale (unpredict-
ability and ambiguity) and total scores positively corre-
lated with negative appraisals of illness, hopelessness,
and avoidant coping (p <0.0001), indicating satisfac-
tory convergent validity of the MUIS-P. Similarly, the
caregivers’ illness uncertainty subscale (unpredict-
ability and ambiguity) and total scores positively cor-
related with appraisals of caregiving, hopelessness, and
avoidant coping (p<0.0001), indicating satisfactory
convergent validity of the MUIS-Cg.

Discriminant validity

The patients’ illness uncertainty subscale (unpredictabil-
ity and ambiguity) and total scores negatively correlated
with self-efficacy (p<0.0001). The ambiguity subscale
score was negatively related to active coping (p <0.0001).
The unpredictability score was positively associated with
active coping (p<0.001). Similarly, the caregivers’ illness
uncertainty subscale (unpredictability and ambiguity)
and total scores negatively correlated with self-efficacy
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(p<0.0001); the ambiguity subscale score was negatively
related to active coping (p<0.001), and the unpredict-
ability score was positively associated with active coping
(»<0.0001). These results indicated satisfactory discrimi-
nant validity of the MUIS-P and MUIS-Cg.

Predictive validity

The patients’ illness uncertainty unpredictability sub-
scale and total score at baseline had a negative asso-
ciation with quality of life (p<0.0001) and a positive
association with hopelessness (unpredictability subscale,
p<0.0001; total score, p<0.001), depression (p<0.001),
distress (p<0.05), and avoidant coping (p<0.001) at the
3-month follow-up. These results indicated satisfactory
predictive validity of the MUIS-P. The caregivers’ illness
uncertainty subscale (unpredictability and ambiguity)
and total scores at baseline had a negative association
with their quality of life (unpredictability subscale and
total score, p<0.0001; ambiguity subscale, p<0.001) and
a positive association with their hopelessness (unpre-
dictability subscale and total score, p <0.0001; ambiguity
subscale: p<0.05), depression (unpredictability subscale
and total score, p<0.0001; ambiguity subscale: p<0.05),
and distress (unpredictability subscale and total score,
p<0.0001; ambiguity subscale: p<0.001) at the 3-month
follow-up. The caregivers’ illness uncertainty unpredict-
ability subscale and total scores at baseline positively cor-
related with avoidant coping at the 3-month follow-up
(p<0.0001). These results indicated satisfactory predic-
tive validity of the MUIS-Cg.

Discussion

Our study is the first to comprehensively evaluate the
English version of Brief Mishel Uncertainty in Illness
Scale’s psychometric properties in patients with advanced
cancer and their caregivers, making a significant contri-
bution to the research literature and clinical practice. The
9-item MUIS-P and MUIS-Cg show a goodness of fit for
a two-factor structure, good internal consistency, and

Table 4 Internal reliability and inter-factor correlation for MUIS-P and MUIS-Cg

MUIS-P (N=484)

MUIS-Cg (N=484)

Cronbach’s McDonald’s Inter-factor correlation

Cronbach’s McDonald’s Inter-factor correlation

alpha Omega alpha Omega
Factor 1 Factor 2 Factor 1 Factor 2
(Unpredictability) (Ambiguity) (Unpredictability) (Ambiguity)
Factor 1 (Unpre- 0.78 0.84 1 0.227%** 0.70 0.76 1 0.24%**
dictability)
Factor 2 (Ambigu-  0.66 0.72 0.227%** 1 0.72 0.78 0.24*** 1
ity)
Total score 0.74 0.83 0.88*** 0.65%** 0.72 0.79 0.86*** 0.717%**

™ p<.001; ***p < 0001
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Table 5 MUIS-P and MUIS-Cg Validity testing
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MUIS-P
Cronbach’s Alpha McDonald’s Omega
Convergent (Baseline)

Appraisal of illness/caregiv-  0.94 0.95
ing
Hopelessness 0.87 0.89
Avoidant coping 0.78 0.84
Discriminant (Baseline)
Self-efficacy 097 098
Active coping 0.87 0.90
Predictive (3-month follow up)
Quality of life 091 0.94
Hopelessness 0.89 091
Depression 0.90 092
Distress - -
Avoidant coping 0.79 0.85
MUIS-Cg

Cronbach’s Alpha McDonald’s Omega
Convergent (Baseline)
Appraisal of illness/caregiv-  0.87 0.89
ing
Hopelessness 0.85 0.88
Avoidant coping 0.74 0.80
Discriminant (Baseline)
Self-efficacy 0.97 097
Active coping 0.87 0.89
Predictive (3-month follow up)
Quality of life 093 0.95
Hopelessness 0.88 091
Depression 0.93 0.94
Distress - -
Avoidant coping 0.80 0.85

N

484

484
434

484
484

17
118
17
118
17

=2

484

483
484

482
484

118
118
118
118
118

- 445 (251

Factor 1 (Unpredictability) Factor 2 (Ambiguity) Total Score

7275 (68, .76)

52%%%(45,.58)
A2 (34, 49)

,-.37)
16%*(.07,.24)

-42%** (-56, -.26)

39%**(23,54)
34%%(17,49)
.23*(.06,40)
34%%(17,49)

Factor 1 (Unpredictability)

53%**(46,59)

A7*¥*(40,.54)
A9*** (42,.55)

-38%%% (-45,-30)

23%%%(15,31)

~48%% (-61

46¥**

,-33)
30,59
35,62

9,51
29,58

LYok
36

Q4rFx

( )
( )
(19.51)
(- )

28%%% (.19, .36)

29%%%(21,37)
24%%%(15,32)

~A0*** (-48,-33)
=199 (-27,-10)

-17 (-34,01)
05 (-13,23)
.06,.30)
.04,31)

)

(-
(-
(-
(-.09,27

5
12
14
09
Factor 2 (Ambiguity)

31%%%(23,39)

22%%%(13,.30)
24%*%(15,32)

-40%%* (-48, -33)
~15%* (-.24,-.06)

-34**(-49,-17)
29%(11,44)
29% (.12,45)
34%%(17,49)
17 (-01,34)

697 (64, .74)

55%%%(48,61)
A44%%%(37,51)

-54%%% (-60, -47)
03 (-05,.12)

-A3*** (=56, -.27)
35%*(.18,.50)
34%%(17,49)
.26% (.08,42)
32%%(.15,48)

Total Score

55%**(48,61)

A46%%%(38,53)
A48%% (41,.55)

-49%%% (-55,-42)
.09 (-.00,.18)

- 54%%* (65, -39)
A9*** (34,61
38,64
29,58
25,55

Lykiad
45xxx

Wiykand

( )
( )
( )
( )

" p<.05; **p<.001; ***p <.0001

sound convergent, discriminant, and predictive validity
for measuring illness uncertainty among patients with
advanced cancer and family caregivers.

Psychometric properties of the scales

The analysis supported the two-factor structure of
the MUIS-P and MUIS-Cg, which consists of unpre-
dictability and ambiguity. This two-factor structure
showed stability for patients and caregivers managing
advanced cancer. The MUIS-P and MUIS-Cg and two
subscales had adequate to acceptable internal consist-
ency (Cronbach’s alpha ranging from 0.66-0.78 for
patients and 0.70-0.72 for caregivers; McDonald’s
omega ranged from 0.72-0.84 for patients and 0.76—
0.79 for caregivers). The two-factor structure of the
MUIS-P and MUIS-Cg scales aligns with the domains
identified in the original MUIS-A (Adult version) [10],

but differs from the MUIS-C (Community version),
which included only a single factor [11]. Additionaly,
four of the five items in the ambiguity factor of the
MUIS-P and MUIS-Cg (except Item #5: Because of my
illness, I am unsure what activities I will be able to do
from day-to-day) correspond to the ambiguity factor in
Mishel’s original MUIS-A [10]. The findings also pro-
vide empirical support for Han’s taxonomy of uncer-
tainty, highlighting that the indeterminacy of future
outcomes and the lack of reliability, credibility, or ade-
quacy of information are significant parts of the uncer-
tainty [18]. Although the literature commonly reports
that illness uncertainty includes Mishel’s four domains,
it is essential to note that Mishel’s Uncertainty in Ill-
ness Theory predetermined the four-factor structure
rather than based on empirical evidence [10]. The liter-
ature has put forth several alternative factor structures
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among different populations, including one, two, and
four factors [11]. The variability in factor structures
across studies may suggest that the construct of illness
uncertainty can differ in patients with different types
and stages of illnesses and caregivers.

Our findings also indicated that the MUIS-P and
MUIS-Cg have strong convergent, discriminant, and pre-
dictive validity. We confirmed the hypotheses concerning
the convergent validity of the MUIS-P and MUIS-Cg. The
patients’ and caregivers’ illness uncertainty total and sub-
scale (unpredictability and ambiguity) scores positively
correlated with negative appraisals of illness, hopeless-
ness, and avoidant coping. These relationships, consistent
with findings from other research [1, 2], have confirmed
the Mishel Uncertainty in Illness Theory. We partially
confirmed the hypotheses concerning the discriminant
validity of the MUIS-P and MUIS-Cg. The patients’ and
caregivers’ illness uncertainty subscale (unpredictabil-
ity and ambiguity) and total scores negatively correlated
with self-efficacy; the ambiguity subscale scores had a
negative relationship with active coping, and the unpre-
dictability subscale score was positively related to active
coping. Interestingly, in the presence of more ambigu-
ity, patients and caregivers were less likely to engage in
active coping strategies, whereas greater unpredictabil-
ity increased patients’ and caregivers’ likelihood to use
active coping strategies; this phenomenon requires fur-
ther research to understand how and why patient and
caregiver respond differently to the various domains of
illness uncertainty.

Another significant finding of this study’s was the
strong evidence for the MUIS-P and MUIS-Cg’s predic-
tive validity. The MUIS-P and MUIS-Cg baseline total
scores were significantly associated with the patients’ and
caregivers’ quality of life, hopelessness, depression, dis-
tress, and avoidant coping at the three-month follow-up.
Our findings confirmed Han’s taxonomy of uncertainty in
healthcare, which emphasized the issues of uncertainty
encompassing substantive outcomes, including personal
psychosocial outcomes [18]. Notably, among family car-
egivers, the ambiguity subscale emerged as a significant
predictor of poorer quality of life, hopelessness, depres-
sion, and distress. However, the ambiguity subscale did
not demonstrate an influence on these outcomes among
patients with advanced cancer. One potential explanation
could be that patients confronting life-limiting conditions
or experiencing declining health might not be attuned
to the absence or vagueness of cues related to their ill-
ness (ambiguity). Consequently, they demonstrate toler-
ance of ambiguity [38] with their primary concern being
the future. One qualitative study also demonstrated that
uncertainty for the future was a predominant theme for
patients with advanced cancer [39].
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Notably, the floor effects of four items of the MUIS-P
and MUIS-Cg exceed 30%, indicating that many patients
and caregivers reported uncertainty scores at or near the
lowest possible value. Some patients and caregivers likely
reported low uncertainty scores because they accepted
the diagnosis, perceived a clear prognosis, and focused
on the present. It is also possible that some patients and
caregivers mitigated the feelings of uncertainty using
coping mechanisms such as seeking information, emo-
tional support, and engaging in activities that gave them a
sense of control and, thus, developed tolerance of uncer-
tainty [40]. While there is a need to understand further
this finding, such high percentages of floor effects can
impede the differentiation of uncertainty levels among
participants. This suggests that these measurements may
lack sensitivity in capturing variations at the lower end of
uncertainty. Research is needed to decide on the cut-off
point for illness uncertainty so that supportive care inter-
ventions can target those experiencing high uncertainty.

Conversely, the results regarding ceiling effects dem-
onstrate that the MUIS-P and MUIS-Cg can effectively
distinguish individuals with high uncertainty levels and
detect differences among participants. This suggests
that the briefed uncertainty scales possess the necessary
sensitivity to capture variations at the upper end of the
uncertainty measurements. Consequently, MUIS-P and
MUIS-Cg may serve as sensitive tools for assessing the
effects of interventions aimed at reducing uncertainty
among advanced cancer patients and their caregivers.

Limitations and future direction

This study possesses several limitations that under-
score the need for further investigation. First, we
shortened the MUIS-A based on the focus group dis-
cussion with patients with prostate cancer (includ-
ing advanced cancer patients) and caregivers and
expert feedback due to the challenges (person-
nel, costs, and time) in accessing large numbers of
patients with advanced cancer and their caregivers.
Future assessment development would benefit from
using techniques such as cognitive interviews con-
ducted among patients with different types of cancer
and field pre-testing under realistic conditions [41].
Modern psychometric methods (e.g., Rasch analysis
or item response theory) would also be beneficial for
examining the measurement properties of the MUIS-
P and MUIS-Cg. Second, it is noteworthy that the
unpredictability factor included all of the negatively
worded items while the ambiguity factor includes all
of the positively worded items, possibly suggesting
that the factors may be influenced by the wording of
the items included in them. Additionally, the question-
naire included reverse-scored items which could have
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impacted factor loadings by influencing how respond-
ents interpret and answer. Next, the brief MUIS-P and
MUIS-Cg responses were changed from a 5-point to a
4-point Likert scale to reduce the burden of patients
with advanced cancer and their caregivers who often
experience tremendous cognitive and mental dis-
tress and fatigue. However, such a change increased
the difficulty of cross-study comparison. The origi-
nal questionnaire developed by Dr. Mishel used “he/
she” to refer to patients. Future research should con-
sider updating this to “they/their” to ensure inclusivity
for individuals who do not identify within the gender
binary. Finally, most participants in the original RCT
were White, well-educated, and English-speaking,
warranting future psychometric testing in a heteroge-
neous sample of diverse sociocultural backgrounds.

Implications of findings

The MUIS-P and MUIS-Cg demonstrated promising
psychometric properties in measuring illness uncer-
tainty for patients with advanced cancer and family car-
egivers. The 9-item brief scales reduce the burden and
increase user-friendliness, making widespread use in
assessing illness uncertainty among patients and car-
egivers with significant symptoms and care burdens in
clinical and research settings more suitable than the
original MUIS-A and MUIS-C. The identified subdo-
mains of illness uncertainty can help to measure ambi-
guity and unpredictability and facilitate the targeted
interventions, such as providing caregivers with infor-
mation to reduce ambiguity and assist in coping with
the unpredictable nature of illness. Future research
could further investigate the minimal clinically impor-
tant difference for illness uncertainty and the subdo-
mains. However, Different versions of the MUIS feature
varying numbers of items and factor structures, as
observed in psychometric evaluations across diverse
study populations [11]. Researchers need to identify the
most appropriate version of the MUIS for their study
population and consider using the relevant full scale
along with its subscales to ensure a more comprehen-
sive assessment of illness uncertainty.

Conclusions

Our study comprehensively evaluated the psychomet-
ric properties of the Brief Mishel Uncertainty in Illness
Scale for patients with advanced cancer and their car-
egivers. A shortened, psychometrically sound meas-
ure can help rapidly assess illness uncertainty among
patients and caregivers who manage high symptoms
and care demands and facilitate the delivery of targeted
psychosocial supportive care.
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