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Abstract

Context. The Memorial Symptom Assessment Scale (MSAS) is a self-rating instrument for the assessment of symptom
distress in cancer patients. The Spanish version of the MSAS has recently been validated. However, we lack evidence of the
internal construct validity of the shorter versions (short form [MSAS-SF] and condensed form [CMSAS]). In addition,
rigorous testing of these scales with modern psychometric methods is needed.

Objectives. The aim of this study was to evaluate the internal construct validity and reliability of the Spanish versions of the
MSAS-SF and CMSAS in oncology outpatients using Rasch analysis.

Methods. Data from a convenience sample of oncology outpatients receiving chemotherapy (n = 306; mean age 60 years;
63% women) at a university hospital were analyzed. The Rasch unidimensional measurement model was used to examine
response category functioning, item hierarchy, targeting, unidimensionality, reliability, and differential item functioning by
age, gender, and marital status.

Results. The response category structure of the symptom distress items was improved by collapsing two categories. The
scales were adequately targeted to the study patients, showed overall Rasch model fit (mean Infit MnSq ranged from 0.98 to
1.05), met criteria for unidimensionality, and the reliability of scores was good (person reliability > 0.80), except for the
CMSAS prevalence scale. Only four items showed differential item functioning.

Conclusion. The present study demonstrated that the Spanish versions of the MSAS-SF and CMSAS have adequate
psychometric properties to evaluate symptom distress in oncology outpatients. Additional studies of the CMSAS are
recommended. ] Pain Symptom Manage 2018;55:1480—1491. © 2018 American Academy of Hospice and Palliative Medicine.
Published by Elsevier Inc. All rights reserved.

Key Words
Symptom distress, construct validity, oncology outpatients, Rasch model, measurement invariance

Introduction Measuring symptom distress is a challenge due to its
subjective nature and because its results directly
impact the patient care.

The Memorial Symptom Assessment Scale (MSAS)'
is a widely wused patientrated instrument for

The understanding and control of symptoms expe-
rienced by cancer patients is an issue of great impor-
tance from a clinical and research perspective.
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measuring physical and psychological symptom
distress in cancer patients. In recent years, there has
been a growing interest in the validation of its shorter
forms (the MSAS short form [MSAS-SF] and the
condensed form [CMSAS]) 2.3 in different
languages./F9 To date, validation studies have been
conducted within the classical test theory framework.
Results have consistently found adequate psychomet-
ric properties. For example, the Spanish version of
the MSAS'’ showed good validity and reliability
(Cronbach’s alpha = 0.80—0.90). Some authors’
have supported the essential unidimensionality of
the MSAS-SF using the nominal response model
within the Item Response Theory (IRT) framework.
Their findings suggested that the original response
category structure should be revised.

To our knowledge, no validation study of the
MSAS-SF and CMSAS has been conducted using
the Rasch model. Rasch analysis has some advan-
tages over more classical approaches''™ " such as
1) interval properties—raw scores are transformed
into linear interval-level measures of the latent
construct; 2) joint measurement—the estimates of
person and item parameters are represented graph-
ically on a common metric (log odds unit or logit);
3) specific objectivity—this unique property of
Rasch models means that the estimation of item
parameters is independent of the persons used
(i.e., person invariance) and that the estimation of
the person parameters is independent of the partic-
ular items used (i.e., item invariance); 4) local inde-
pendence—items are required to be independent of
each other; 5) specificity of the standard error of
measurement (SEM)—provides the test information
function (TIF), which yields an index of the preci-
sion of the measurement at each point of the latent
construct. As a result, in a growing number of
studies, measuring instruments have shown signifi-
cant improvement in efficiency and precision when
using the IRT."*

Rasch analysis is adequate for guaranteeing the effi-
ciency in measurement in health care settings where
clinicians and researchers frequently have to collect
health information with ever shorter scales.'” More-
over, the Rasch model allows easy comparisons of mea-
sures and easy health status interpretation in clinical
and epidemiological studies.'”'"

The aim of this study was to evaluate the internal
construct validity and reliability of the Spanish ver-
sions of the MSAS-SF and CMSAS in oncology outpa-
tients. Specific aims of the study were to examine 1)
response category functioning, 2) person-response
validity, 3) item hierarchy and targeting, 4) model
fit, 5) unidimensionality, 6) reliability, and 7) differen-
tial item functioning (DIF) by age, gender, and marital
status.

Methods

Patients and Settings

This cross-sectional analysis is part of a previous
validation study of the Spanish version of the MSAS.
Details of the methods and results from the study
are published elsewhere.'’ In brief, oncology outpa-
tients were recruited using convenience sampling
from the university hospital of Salamanca. Eligible pa-
tients were older than 18 years, diagnosed with any
type of cancer and receiving chemotherapy treatment.
Exclusion criteria were as follows: cognitive impair-
ment, receiving the first round of chemotherapy,
and difficulty in reading or writing. At the time of
data gathering, patients had more cycles scheduled.
For this study, we included data not available in the
previous validation study with 246 patients. Sociode-
mographic characteristics were collected from the
clinical history. A total of 637 patients were contacted,
152 did not reach the inclusion criteria, 88 met exclu-
sion criteria, and 91 patients declined to participate.
Thus, the total sample for this study comprised 306
oncology outpatients. Stable item calibrations and per-
son measures within £1 logit with a 99% of confi-
dence can be obtained for polytomous items with
this sample size.'’

All participants gave written informed consent. The
studywas approved by the clinical research ethics commit-
tee at the university hospital of Salamanca.

Instruments

The MSAS-SF* measures 32 symptoms in terms of
the experienced distress by the patient (28 symptoms)
and the frequency of occurrence (four items). Every
symptom is recorded as present (scored 1) or absent
(scored 0). MSAS-SF subscales include physical symp-
tom distress score (PHYS, 12 items), psychological
symptom distress score (PSYCH, six items), the Global
Distress Index (10 items), and a total distress symptom
score (MSAS-SF TOTAL). Distress is rated on a
five-point Likert scale (0 = not at all, 1 = a little bit,
2 = somewhat, 3 = quite a bit, 4 = very much).
Frequency of occurrence is rated on a four-point
Likert scale (1 = rarely, 2 = occasionally,
3 = frequently, 4 = almost constantly).

The CMSAS’ includes only 11 items of symptom
distress and three items of frequency of occurrence.
Response categories are the same as for the MSAS-
SF. The CMSAS yields three subscales: physical symp-
tom distress score (CMSAS PHYS), psychological
symptom frequency score (CMSAS PSYCH), and a
total symptom distress score (CMSAS SUM). The
prevalence of symptoms is obtained on both the
MSAS-SF and CMSAS by counting the number of
symptoms endorsed by the patient in a dichotomous
scale.
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Data Analysis

Rasch analysis is described in detail elsewhere.
Briefly, in the Rasch model, the probability of a given pa-
tient endorsing an item is a logistic function of the rela-
tive distance between the person’s ability (0) (i.e., level
of symptom distress) and the item difficulty (3) (i.e., the
level of distress expressed by the item) on a conjoint
linear scale. According to the model, there are two ex-
pectationslg: 1) a patient with higher symptom distress
should always have a better chance of endorsing any
symptom than a healthy one and 2) any patient should
always have a better chance of endorsing a frequent
symptom than a more rare symptom.

Rasch analysis is based on a probabilistic model that
uses joint maximum likelihood estimation to order
items and persons simultaneously, thereby arranging
the items along a difficulty continuum and persons
along an ability continuum.

The prevalence of symptoms was examined using
the Rasch model for dichotomous items. The Rating
Scale Model'®*’ that is appropriate for analyzing
Likert-type items was used to study the symptom
distress and frequency of occurrence.

13,18

Data Preparation

The two-part question format of the MSAS-SF and
CMSAS means that patients responding negatively to
the first part about the presence of a symptom do
not answer the second part about how distressing or
frequent it was. As reported,’ this format creates sys-
tematically missing responses that must then be
replaced by other values to perform subsequent statis-
tical analyses.

As recommende we conducted a four-stage
parameter estimation approach for the two parts
(distress and frequency): 1) item difficulties were esti-
mated, 2) the fit to the Rasch model was assessed, 3)
item difficulties and thresholds for the response cate-
gories were anchored (fixed at their values), and then
4) persons’ abilities were estimated using the
anchored item difficulties. In this way, item difficulty
remains fixed to be able to compare the person level
to it, while independent of their level. The steps fol-
lowed for the statistical analyses and the criteria used
can be seen in Table 1.

6,21—24
d,”

Functioning of the Response Categories

Rating scale categories should be clearly defined, be
substantively relevant, and implement a conceptually
exhaustive ordered sequence.”” Reliability and validity
are negatively affected by inadequate response cate-
gories."” Thus, we followed the recommended proced-
ure” for diagnosing malfunctioning of the response
categories. In addition, we investigated the person-
response validity.

Item Hierarchy and Targeting

To identify the presence and level of distress associ-
ated to each symptom, the location of each symptom
along the latent construct was examined. Targeting
was used to examine how well the spread of items
measured symptom distress or prevalence consistent
with the level of patients’ ability. Thus, the distribution
of symptoms and patients was compared on a conjoint
measure. Adequate targeting occurs when the mean
person location (0) is close to the mean item location
(8), and item locations cover a similar range of the
persons as represented on the conjoint person-item
map'1§%,24

Model Fit

The infit mean-square statistic (infit MnSq) that rep-
resents how accurately or predictably data fit the
model”” was used to assess the fit of each scale and
the individual items. The infit statistic is sensitive to
unexpected patterns of response. MnSq shows the
amount of distortion of the measurement system. Its
expected value is 1. Infit values over 2 indicates severe
misfit.>? If the data fit the model, then the estimation
of the parameters must be invariant across subsamples
of the items or persons.'’

Unidimensionality and Local Independence

Unidimensionality was assessed conducting a prin-
cipal component analysis (PCA) of the standardized
residuals. PCA identifies secondary dimensions by
showing unexplained relations between the item resid-
uals after accounting for the primary Rasch dimen-
sion. A PCA on standardized residuals from a
unidimensional data set is expected to extract no prin-
cipal components. The results provide more insight
on the question whether the physical items and the
psychological items were functioning as a unidimen-
sional construct. We also evaluated the local indepen-
dence of responses by observing the correlations of
the standardized residuals.

Reliability

To further determine whether the MSAS-SF and
CMSAS could distinguish patients with different levels
of symptom distress, Jperson reliability (PR) and
person separation (Gp)~’ were assessed. Gp represents
the scale’s ability to separate the patients into different
levels of symptom distress. The average standard error
(root mean-square error [RMSE]) was examined as
part of the PR and Gp to interpret the precision of
scores.'”?*** We also plotted the TIF and the SEM
to identify how precise the MSAS-SF and CMSAS
were at various ranges of the symptom distress
continuum.”’
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Table 1
Analytical Steps and Statistical Criteria to Examine the Construct Validity of the Spanish Version of the MSAS-SF and
CMSAS

Analytical Steps

Statistical Criteria

1. Response category functioning
Examines whether patients actually discriminate between the
available ordered response categories.

2. Person-response validity
Provides information regarding the trustworthiness of person
responses.
3. Item hierarchy and targeting

Addresses the relevance and representativeness of the content of
the items.

4. Model fit
Indicates how accurately or predictably data fit the model.

5. Dimensionality and local independence
Addresses the fidelity of the structure of items to the structure of
the construct domain at issue.

6. Reliability
Indicates how well the test is able to differentiate between groups
of patients with different levels of symptoms distress.
7. Differential item functioning
Ensures that scale items function uniformly across various groups
within a population.

Guidelines indicate®*
1) at least 10 observations from each response category
2) regular observation distribution
3) average measures advance monotonically with category
4) Outfit MnSq < 2.0 logit
5) Step calibrations advance monotonically
Person goodness-of-fit statistics”*
Infit MnSq < 2.0 logit
15% or less of misfitting persons
Person ability (0) and item difficulty (3) can be jointly represented
along one dimension
Values 0.6< |6 — 8| <2.2 indicate good targeting for clinical
samples and rating scales'
Fit statistics indicate how accurately the data fit the mode
Infit MnSq 0.5—1.7 is adequate for clinical observations
Values =2.0 indicate a severe misfit
Principal component analysis of the standardized residuals
Residual variance <10% and eigenvalue <3***°
Inter-item correlations of the residuals <0.40 for local
independence”’
Person reliability =().80 for clinical use, person separation =2.0, and
RMSE < 0.5'%%
TIF >4 and SEM <0.5 for precise person measures
DIF contrast >0.64 and delta Mantel-Haenszeld value above |1.5] and
statistically significant. Bonferroni correction was used.”**°

11,24
L

MSAS-SF = Memorial Symptom Assessment Scale Short Form; MSAS-CF = Memorial Symptom Assessment Scale Condensed Form; Infit MnSq = information-
weighted mean square; RMSE = root mean-square error; TIF = test information function; SEM = standard error of measurement; DIF = differential item

functioning.

Differential Item Functioning

Finally, we conducted DIF analysis by age, gender, and
marital status to identify items for which patients, with the
same symptom distress levels but from different groups,
have different probability of endorsement. We calculated
the differences in item calibrations between groups and
tested the differences using the Rasch method (DIF
contrast) and the Mantel-Haenszeld method, adjusting
for multiple comparisons. Some studies with medical
patients and community samples have found gender
and age bias when measuring symptoms. It has been
hypothesized that psychological (e.g., coping styles), bio-
logical, and social factors, such as having a partner, can
explain gender, age, and marital status—related differ-
ences in symptom labeling, description, and reporting.28

We performed Rasch analysis to examine 1) the
responses regarding the prevalence of symptoms,
2) the validity of the rating scoring system, 3) the
subscales of the MSAS-SF and CMSAS, and 4) the
MSAS-SF SUM and CMSAS SUM. The analyses were
conducted using WINSTEPS, version 3.69,> and
SPSS, version 21.0 (IBM Corp., Armonk, NY).

Results

Descriptive results of the sample are summarized in
Table 2. Patients were classified into groups for DIF

analysis (<60 years vs. =60 years; male vs. female;
married vs. nonmarried) (Table 2).

The MSAS-SF and CMSAS: The Prevalence Scale

Regarding the hierarchy of symptoms, Fig. 1 reveals
that the easiest symptoms to endorse were “lack of en-
ergy,” “worrying,” and “dry mouth,” whereas the most
difficult were “problems with urination” and “vomit-
ing.” All items were well targeted to the patients. Infit
statistics for persons revealed that their responses
fitted the model’s expectations in both scales. MnSq
statistic for individual items was in the appropriate
range (Table 3). Overall mean item fit was excellent.
No single item showed severe misfit to the model.
Consequently, observed data closely follow the model
expectation. PCA of the residuals supported the essen-
tial unidimensionality of both scales. The residual cor-
relation matrix did not reveal correlations indicating
local dependence. The reliability of the MSAS-SF
scores showed that the scale was able to differentiate
three strata of patients (Table 4). The value of the
standard error (RMSE = 0.48) indicated adequate
precision in the model estimates of patient measures.
Reliability for the CMSAS scores was lower than desir-
able. Moreover, the person measures were not
estimated with adequate precision (RMSE = 0.70).
No evidence of DIF was found by age, gender, or
marital status.
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Table 2
Sample Demographic and Health Information (N = 306)

Characteristics

Age (yrs), mean £ SD (range) 59.8 + 11.7 (23—85)

Gender, n (%)

Men 113 (36.9)

Women 193 (63.1)
Marital status, n (%)

Married 208 (68)

Single 45 (14.7)

Divorced 20 (6.5)

Widowed 33 (10.8)

Educational level, n (%)

Primary school 130 (42.5)
Secondary school 40 (13.1)
High school 52 (17)
University 84 (27.4)
Employment status, n (%)
Worker 31 (10.1)
Temporary disability 75 (24.5)
Housewife 57 (18.6)
Unemployed 15 (4.9)
Retired 128 (41.8)
Cancer type, n (%)
Digestive 75 (25.5)
Urinary tract 11 (3.6)
Male genital organs 7 (2.3)
Lung 36 (11.8)
Breast 88 (28.8)
Gynecologic 29 (9.5)
Hematological 32 (10.5)
Head and neck 13 (4.2)
Others 15 (4.8)
Number of symptoms, mean £ SD (range)
MSAS-SF 11.4 + 6.1 (0—30)

MSAS-SF = Memorial Symptom Assessment Scale Short Form.

Response Category Functioning

All the statistics for the response categories of
distress were adequate. The category probability
curves for the five-point Likert scale (Fig. 2) show
how step calibrations were properly ordered, although
they revealed that patients had difficulty discrimi-
nating between the categories “somewhat” and “quite
a bit,” so they were collapsed. The new response cate-
gory structure improved the reliability of scores. Alter-
native recoding procedures were also checked, but no
better results were found. Response categories of
frequency of occurrence fulfilled the established
criteria, and no modifications were carried out. Person
fit was good, and the number of persons not respond-
ing as expected by the model was acceptable (10.4%)
(Fig. 2).

Analysis of the Subscales

For the MSAS-SF, the spread of physical items
(PHYS) (3 from —0.94 to 1.41 logits) was smaller
than the range of patient’s symptom distress (6 from
—3.36 to 1.10), but the subscale was well targeted (|0
— 3| = 1.85 logits). A similar picture of item hierarchy
and targeting was found for the PSYCH subscale
(6 from —1.36 to 1.09 logits; 0 from —3.99 to 5.23,

and |0 — 3| = 1.85 logits) and the Global Distress In-
dex (3 from —0.79 to 1.16 logits; 6 from —3.48 to
2.53, and |0 — 3| = 1.39 logits). Overall, the results
indicated that the subscales were better targeted to pa-
tients with moderate to high level of symptom distress.

The CMSAS subscales did not show noticeable gaps
in their person-item maps, but the narrow spread of
items of the PSYCH subscale (8 from —1.10 to 0.82 log-
its; O from —4.40 to 6.03) indicated a problem of un-
derrepresentation of the latent construct.

Analysis of the items of the MSAS-SF and CMSAS
subscales revealed that the item “weight loss” did
not demonstrate acceptable fit to the model, meaning
that the patients’ scores on this particular item were
inconsistent with their overall response patterns.
This item was not degrading the measure (Table 5).
The PCA of the residuals did not identify substantial
subsets of items with a strength of at least three items
and explaining more than 10% of the residual vari-
ance. The examination of the item residuals further
supported the local independence of the items. The
reliability of scores from the subscales achieved the ex-
pected value (PR = 0.80) indicating they were able to
differentiate at least three strata of patients. However,
the CMSAS PSYCH was only able to differentiate two
strata (PR = 0.72), and their person estimates were
highly imprecise (RMSE = 0.96) (Table 4).

The MSAS-SF SUM and CMSAS SUM

The MSAS-SF SUM person-item map demonstrates
that the person’s measures showed great dispersion
(6 = —3.93 to 0.67 logits) (Fig. 3). The symptom
distress measures ranged from & = —0.62 logits (i.e.,
most easy to endorse: “hair loss”) to & = 1.11 logits
(i.e., most difficult to endorse: “weight loss”), while
the symptom distress for CMSAS SUM items ranged
from & = —0.83 logits (i.e., most easy to endorse: “con-
stipation”) to & = 1.28 logits (i.e., most difficult to
endorse: “weight loss”). The SE of the items indicated
that the locations were measured with adequate preci-
sion in both scales. The mean of patients was at a
lower level (0 = —1.63 logits) than the mean of items
indicating that overall the sample had lower symptom
distress than the MSAS-SF SUM item target. Similar re-
sults were found for the CMSAS SUM (Fig. 3).

The item fit statistics indicated that only two items
showed misfit: “hair loss” (Infit MnSq = 1.96) within
the MSAS-SF SUM and “weight loss” (Infit
MnSq = 1.93) within the CMSAS SUM. The PCAs
demonstrate the essential unidimensionality of both
scales. Residual correlations did not show the pres-
ence of local dependency.

The person reliability yielded very precise estimates
showing that the MSAS-SF SUM can differentiate four
levels of symptom distress in this sample. The graph-
ical representation of the TIF and SEM revealed that
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Fig. 1. Person-item map of prevalence of symptoms. In bold, psychological symptoms according with the authors of the scale.
On the map, both patients (left-hand side) and symptoms (right-hand side) are located along a single scale. Estimates toward
the top of the map represent patients with a higher number of symptoms as well as symptoms more difficult to endorse. Pa-
tients with a lower number of symptoms and the easiest symptoms to endorse are placed at the bottom. The means of patient’s
measures and symptom’s locations are shown as the corresponding Ms on the map. The Ss (Sp for persons and Si for items)
and Ts (Tp for persons and Ti for items) represent £1 and £2 SD, respectively. As can be seen, symptoms such as “lack of
energy” and “worrying” were easy to endorse even for patients with low prevalence scores (around five symptoms, located
at —1 SD). However, “itching” was difficult to endorse for them but easier to endorse for patients with high prevalence scores.

a raw score of 43 offered maximum information (a
higher peak at —0.96 logits) and minimum error
(SEM = 0.17) of the symptom distress measurement.
The CMSAS scores were able to separate three groups
of patients. The highest peak of the information func-
tion was 12, corresponding to a raw score of 18. Mea-
surement precision for the CMSAS SUM diminished
rapidly for patients with raw scores less than 3
(SEM > 0.5) (Fig. 4).

We found evidence of DIF by age in one item of the
MSAS-SF SUM. At the same level of symptom distress,
the item “problems with urination” was easier to
agree with for patients =60 years (0 = 0.56) than
for patients <60 years (0 = 1.25). Analysis by
gender revealed that symptoms such as “difficulty

concentrating” and “hair loss” were easier to endorse
for female (0 = 0.01 and 6 = —0.56, respectively) than
for male (0 = 0.64 and 6 = —0.03, respectively). In the
CMSAS SUM, “weight loss” was easier to endorse for
male (0 = 0.29) than for female (6 = 1.05). No DIF
by age was detected, and no DIF by marital status
was found on either scale.

Discussion

Our study aimed to examine the internal construct
validity and reliability of the MSAS-SF and CMSAS
using the strong measurement requirements of the
Rasch model. Rasch analysis revealed that the Spanish
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Table 3
Rasch Fit Statistics and Rasch Item Estimates for the Prevalence Scale of the Spanish Versions of the MSAS-SF and CMSAS
MSAS-SF CMSAS
Symptom Infit 3 SE Infit d SE

1 Difficulty concentrating 0.89 0.19 0.14 0.87 0.76 0.14
2 Pain 0.98 0.80 0.13 1.06 —0.33 0.13
3 Lack of energy 0.83 —2.50 0.16 0.89 —2.26 0.17
4  Cough 1.17 0.42 0.14 — — —
5  Changes in skin 1.08 0.30 0.14 — — —
6  Dry mouth 1.04 —1.33 0.13 1.18 —0.92 0.14
7  Nausea 0.91 0.32 0.14 — — —
8 Feeling drowsy 0.95 0.10 0.14 0.97 0.66 0.14
9  Numbness/tingling in hands and feet 1.04 —0.93 0.13 — — —
10 Difficulty sleeping 1.08 —0.80 0.13 1.13 —0.33 0.13
11  Feeling bloated 0.93 0.23 0.14 — — —
12 Problems with urination 0.92 1.85 0.20 — — —
13 Vomiting 0.98 1.41 0.18 1.06 2.08 0.18
14 Shortness of breath 0.92 0.68 0.15 0.93 1.29 0.15
15 Diarrhea 1.10 0.65 0.15 — — —
16  Sweats 1.00 0.40 0.14 — — —
17 Mouth sores 1.04 0.57 0.15 — — —
18  Problems with sexual interest/activity 1.22 —0.01 0.13 — — —
19 Itching 1.08 0.81 0.15 — — —
20  Lack of appetite 1.02 —0.01 0.13 1.03 0.54 0.14
21  Dizziness 0.94 1.12 0.17 — — —
22  Difficulty swallowing 0.92 1.20 0.17 — — —
23 Change in the way food tastes 1.01 —0.89 0.13 — — —
24  Weight loss 1.04 0.42 0.14 1.09 1.01 0.15
25  Hair loss 1.28 —0.46 0.13 — — —
26  Constipation 1.11 —0.79 0.13 1.24 —-0.31 0.13
27  Swelling of arms or legs 0.98 0.70 0.15 — — —
28  “I don’t look like myself” 0.94 1.20 0.17 — — —
29  Feeling sad 0.87 —0.57 0.13 0.81 —-0.07 0.13
30  Worrying 0.81 —1.85 0.14 0.84 —1.51 0.15
31 Feeling irritable 0.90 —0.56 0.13 — — —
32 Feeling nervous 0.86 —1.07 0.13 0.87 —0.62 0.14

Item mean infit MnSq (SD) 0.99 (0.11) 1.00 (0.13)

RMSE 0.14 0.15

Eigenvalue and PCA (%) 1.8 (8.5) 2.0 (4.5)

MSAS-SF = Memorial Symptom Assessment Scale Short Form; MSAS-CF = Memorial Symptom Assessment Scale Condensed Form; 8 = location; SE = standard
error; Infit MnSq = information-weighted mean-square; RMSE = root mean-square error; Eigenvalue = number of items of a potential secondary dimension;
PCA = principal component analysis of standardized residuals; (%) = explained variance by a potential secondary factor.

versions of the MSAS-SF and CMSAS are robust, unidi-
mensional measures of symptom distress largely free
of DIF for age, gender, and marital status.

Table 4
Reliability of the MSAS-SF and CMSAS

Reliability Gp Strata RMSE

Prevalence

MSAS-SF 0.83 2.22 3 0.47

CMSAS 0.72“ 1.61 2 0.70
Symptom distress

MSAS-SF PHYS 0.80 2.00 3 0.53

MSAS-SF PSYCH 0.85 2.36 3 0.60

MSAS-SF GDI 0.84 2.28 3 0.40

MSAS-SF SUM 0.88 2.72 4 0.24

CMSAS PHYS 0.79“ 1.95 2 0.40

CMSAS PSYCH 0.82 2.25 3 0.96

CMSAS SUM 0.83 2.27 3 0.35

MSAS-SF = Memorial Symptom Assessment Scale Short Form; MSAS-CF =
Memorial Symptom Assessment Scale Condensed Form; Gp = Rasch person
separation value; Strata = (4Gp + 1/3); RMSE = root mean-square error;
PHYS = physical; PSYCH = psychological; GDI = Global Distress Index.
“Below minimum value for clinical purposes.

The Rasch-based residuals demonstrated that the
physical and psychological symptoms can be treated
as components of a unidimensional construct, rather
than independent dimensions. Our results support
findings from a previous study conducted within the
IRT paradigm, indicating that summative scores can
be calculated.” The appropriateness of a summative
score is a key concern at a conceptual and practical
level.”” As an example, on a conceptual level, the
contribution to the explained variance of symptoms
not included in any subscales is unknown. Some of
these omitted symptoms (e.g., numbness or tingling
in hands and feet) show a high level of accuracy and
precision and are easy for any patients with any level
of symptomatology to endorse. On a practical level,
all items of the two-part scale are highly affected by
missing responses (ranging from 44% to 60%) due
to design of the scale. Finding the best methodolog-
ical approach to solve this problem is challenging. A
promising strategy was successfully used,’ using the
nominal response model. We use Rasch analysis to
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Fig. 2. Step calibrations (thresholds) are displayed as category probability curves for the 28 distress items before (left side)
and after collapsing categories (right side). Curves show the probability of each category relative to the logit difference be-
tween person and item measures. Step calibrations imply that each category in turn is most likely to be chosen. Using the
original rating scale (before collapsing), Categories 2 (somewhat) and 3 (quite a bit) are not distinct peaks, suggesting the
difficulty of patients to choose between them. The intervals between the response Categories 2 and 3 were improved to
achieve the recommended Rasch step calibrations. In addition, the response categories were recoded (1 = not at all,

2 = a little bit, 3 = quite a bit, 4 = very much).

statistically handle the problem of the missing re-
sponses and their replacements without affecting the
evaluation of the quality of the scales. Thus, we pro-
vide additional evidence of the construct validity and
reliability of these scales in the context of the modern
psychometric methods.

Another important finding of our study is related to
how the scales are adequately targeted to the popula-
tion. Our results showed that the MSAS-SF and
CMSAS are best targeted to patients with moderate
to high levels of distress. Clinically, these patients
require greater attention and, possibly, adjustments
in their treatment. Therefore, these scales are fulfill-
ing their purpose. From the patient’s perspective,
the symptoms “hair loss,” “change in the way food
tastes,” and “constipation” proved to be the symptoms
that cause the least distress, whereas the highest symp-
tom distress was associated with symptoms such as
“weight loss” and “feeling drowsy.” We found two
symptoms that do not seem to work well: “problems
with sexual interest/activity” and “weight loss.” Our
recommendation is to keep them because they are
not degrading the measure. In the case of the “weight
loss” symptom, its elimination would imply a reduc-
tion of the measurement range of the latent construct.
As can be seen in Figure 3, this symptom is located at
the top of the item hierarchy. As for “problems with
sexual interest or activity,” it would be necessary to
separate “interest” from “activity” because the pres-
ence of both in the same statement represents a prob-
lem for validity.

Regarding reliability, our study supports findings
from previous authors and adds a new insight for
future developments of the scale. Rasch analysis in-
cludes the measurement error (RMSE) associated
with the person reliability. The RMSE indicated that
the low reliability of the CMSAS could improve by

increasing the number of items. A higher level of accu-
racy (e.g., RMSE < 0.50) would have indicated the
need to increase the sample ability variance. However,
increasing the length of the CMSAS may not be desir-
able for clinical settings. If the objective is to create
new short versions of the original MSAS scale, it would
be necessary to select the most representative symp-
toms and their most relevant aspects (i.e., distress,
frequency, or maybe severity) and confirm the func-
tioning of the response categories. For this purpose,
the IRT approach can be very helpful.

Overall, the psychometric properties of the scales
are good, but we believe there is room for improve-
ment. First, we recommend reducing the original
five-point Likert scale into a four-point Likert scale.
Problems with the response categories for the symp-
tom distress were also detected in a previous study.’
Frequently, studies with the MSAS and its shorter
forms often combine the “quite a bit” and “very
much” adjacent response categories when displaying
tables. According to our analysis, it is more appro-
priate to combine the response categories “somewhat”
and “quite a bit.”

Second, we recommend not deleting misfitting
items. New analyses with different samples and statisti-
cal approaches would be necessary before making
such an important decision. In addition, it would be
interesting to examine where symptoms recently
added by some authors would be located in the con-
tinuum of the construct’' (e.g., increased appetite,
weight gain, abdominal cramps, and hot flashes).

Research and Clinical Implications

The item hierarchy found by Rasch analysis in the
present study is consistent with clinical expectations,
is more descriptive than the summative score of symp-
toms, and may have more predictive value to the
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Table 5
Rasch Fit Statistics and Item Estimates for the MSAS-SF and CMSAS, and Their Subscales: Physical (PHYS), Psychological
(PSYCH), and the Global Distress Index (GDI)

MSAS-SF CMSAS
SUM PHYS PSYCH GDI SUM PHYS PSYCH
Symptom Infit 3 SE Infit Infit Infit Infit Infit Infit
1 Difficulty concentrating 0.92 0.73 0.16 — 1.69 — 0.97 0.85 —
2 Pain 0.56 -0.38 0.12 0.69 — 0.73 0.64 0.65 —
3 Lack of energy 0.70 —0.43 0.10 0.78 — 0.89 0.83 0.79 —
4  Cough 1.30 0.45 0.17 — — — — — —
5  Changes in skin 1.15 041 0.16 — — — — — —
6  Dry mouth 0.86 —0.08 0.11 0.99 — 1.13 1.05 1.03 —
7  Nausea 0.65 0.20 0.16 0.70 — — — — —
8  Feeling drowsy 0.98 0.83 0.16 1.07 — 1.27 1.16 1.14 —
9  Numbness/tingling in 1.02 —0.11 0.12 — — — — — —
hands/feet
10 Difficulty sleeping 0.82 -0.45 0.12 — 1.19 — 0.88 0.90 —
11 Feeling bloated 0.93 0.09 0.16 1.16 — — — — —
12 Problems with urination 1.55 -0.28 0.27 — — — — — —
13 Vomiting 0.67 0.51 0.24 0.79 — — 0. 0.93 —
14 Shortness of breath 0.96 0.06 0.18 — — — 1.13 1.13 —
15 Diarrhea 1.29 0.00 0.18 — — — — — —
16 Sweats 0.88 0.04 0.17 — — — — — —
17 Mouth sores 0.85 -0.10 0.17 — — — — — —
18 Problems with sexual 1.68 —0.53 0.15 — — — — — —
interest/activity
19 Itching 1.16 0.08 0.19 — — — — — —
20 Lack of appetite 0.93 0.25 0.15 0.93 — 1.29 1.13 1.04 —
21 Dizziness 0.98 0.05 0.21 1.08 — — — — —
22  Difficulty swallowing 0.86 —-0.21 0.21 — — — — — —
23 Change in the way 0.91 —0.56 0.12 1.02 — — — — —
food tastes
24  Weight loss 1.54 1.11 0.18 1.83“ — — 1.93“ 1.83¢ —
25 Hair loss 1.96“ -0.92 0.13 — — — — — —
26 Constipation 1.12 —0.55 0.12 1.39 — 1.45 1.37 1.31 —
27 Swelling of arms or legs 1.09 —0.20 0.18 — — — — — —
28 “I don’t look like myself” 0.94 -0.63 0.21 — — — — — —
29 Feeling sad 1.01 0.24 0.13 — 0.84 0.92 0.94 — 0.87
30  Worrying 0.98 —0.20 0.10 — 0.72 0.93 0.92 — 1.00
31 Feeling irritable 0.80 043 0.14 — 0.95 0.84 — — —
32  Feeling nervous 0.85 0.14 0.12 — 0.88 0.78 0.80 — 1.06
Item mean Infit MnSq (SD) 1.03 (0.30) 1.03 (0.31) 1.05 (0.32) 1.02 (0.23) 1.05 (0.30) 1.05 (0.30) 0.98 (0.80)
RMSE 0.16 0.18 0.18 0.15 0.16 0.18 0.21
Eigenvalue and PCA (%) 2.6 (6.7) 1.9 (10.8) 1.5 (15.1) 2 (13.6) 2.1 (10.2) 1.6 (10.1) 1.6 (20.1)

MSAS-SF = Memorial Symptom Assessment Scale Short Form; MSAS-CF = Memorial Symptom Assessment Scale Condensed Form; & = location; SE = standard
error; Infit MnSq = information-weighted mean-square; RMSE = root mean-square error; Eigenvalue = number of items of a potential secondary dimension;
PCA = principal component analysis of standardized residuals; (%) = explained variance by a potential secondary factor.

“Misfitting items (0.5 < Infit MnSq > 1.7 for unproductive measurement; infit MnSq > 2 for distorting measurement).

clinician monitoring cancer patients. For example,
person-item maps of prevalence and symptom distress
reveal that symptoms such as “difficulty urinating” are
mainly endorsed by patients with a high number of
symptoms. However, it is a symptom that causes
distress among all those who suffer it.

The advantages of the Rasch model are very useful
for collective assessment and individual diagnosis.
Joint scale allows checking whether the scale fits
the symptom distress level of the group of patients.
In addition, it is possible to know if there are patient
groups whose symptoms are not sufficiently
represented. It also allows the clinician to better
know which symptoms are representative of high
levels of discomfort. At the individual level, it is

possible to identify the symptoms which the person
has a high or low probability of endorsing. This
interpretation is richer than one based on a
norm group.

The unique properties of Rasch models for item
analysis allow the researcher and clinician to design
shorter scales for different types of patients and in
different types of settings without losing measure-
ment precision. The Rasch model could facilitate
objective comparisons of status and change at
individual and group levels in cancer patients. The
realization of such a goal would be of significant
value to improving scientific inquiry concerning
these types of patients and the therapeutical
programs designed for them.
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Fig. 3. Rasch map of patients on the 28 symptom distress items and four symptom frequency items illustrating relationship
between item difficulty and person ability estimates. In bold, psychological symptoms according with the authors of the scale.
Positive values indicating more symptom distress level are located above the mean for items (M: on the right side of the ver-
tical line). The Ss (Sp for persons and Si for items) and Ts (Tp for persons and Ti for items) represent £1 and 2 SD,

respectively.
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Fig. 4. At the top, the information function (y-axes) indicates the precision of the symptom distress estimates along the con-
tinuum of the latent variable. Below, the standard error of measurement (SEM; y-axes) is useful for understanding the pre-
cision of the respondent’s scores. For the MSAS-SF (left side), the maximum information was 33, and the SEM was small
(=0.5), with large information (=4), for patient scores from 3 to 123 (—3.13 to 3.87 logits) which captured 97.4% of the sam-
ple. For the CMSAS (right side), the maximum information was 12, with an optimal range for patient scores from 3 to 49
(—2.99 to 2.82 logits) which captured 92% of the sample. MSAS-SF = Memorial Symptom Assessment Scale Short Form;
MSAS-CF = Memorial Symptom Assessment Scale Condensed Form.
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Limitations

Our results should be interpreted considering
several limitations. One is that the study is based on
a convenience sample that was recruited in a single
hospital. Studies with random samples from different
hospitals would provide additional findings that allow
a better generalization of results. Similarly, only 1% of
the sample was younger than 30 years, so the
generalization of our results to other age groups
should be made with caution. The use of such a
heterogeneous sample receiving treatment in a
hospital allows us to generalize our results to real-life
settings where the clinician works (ecological validity).
However, we do not know if these results could be
generalized to more homogeneous groups of patients
with similar types of cancer. On the other hand,
there may also be other patient characteristics
(e.g., personality) and their family environment
(e.g., social support) that we have not examined in
this study and that could influence the symptom
distress experience.
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