& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Francesco Bruno,
ASP Catanzaro, Italy

REVIEWED BY

Felix Fischer,

Charité University Medicine Berlin, Germany
Shih-Cheng Liao,

National Taiwan University Hospital, Taiwan
Weixi Kang,

Tung Wah College, Hong Kong SAR, China

*CORRESPONDENCE
Michael Friedrich
michael.friedrich@medizin.uni-leipzig.de

RECEIVED 26 June 2024
ACCEPTED 18 November 2024
PUBLISHED 03 December 2024

CITATION
Friedrich M, Schulte T, Malburg M and
Hinz A (2024) A common metric for
questionnaires on health anxiety in cancer
patients.

Front. Psychol. 15:1455121.

doi: 10.3389/fpsyg.2024.1455121

COPYRIGHT

© 2024 Friedrich, Schulte, Malburg and Hinz.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Psychology

Frontiers in Psychology

TYPE Brief Research Report
PUBLISHED 03 December 2024
pol 10.3389/fpsyg.2024.1455121

A common metric for
questionnaires on health anxiety
in cancer patients

Michael Friedrich*?*, Thomas Schulte?®, Merle Malburg® and
Andreas Hinz'?

!Department of Medical Psychology and Medical Sociology, Leipzig University, Leipzig, Germany,
2Comprehensive Cancer Center Central Germany (CCCQ), Leipzig, Germany *Rehabilitation Clinic
Bad Oexen, Bad Oeynhausen, Germany

After a cancer diagnosis, life is accompanied by worries, concerns and fears
that the disease will recur or worsen. These can be normal and useful reactions
but may also become so severe that they interfere with everyday functioning. A
challenge for patient care is that the theoretical similarity of these reactions, is
not consistently conceptualized in practice, hence the empirical comparability of
their measures is unclear. Here we intend to show that the theoretical similarity
is also empirically justified, and we present a common metric in graphical form
that allows direct comparisons between different questionnaires. A total of 1,733
cancer patients completed the Fear of Progression Questionnaire Short Form,
Questionnaire on Stress in Cancer Patients—revised version, Concerns About
Recurrence Questionnaire, the subscales Health Distress and Negative Health
Outlook of the EORTC QLQ-SURV100, and the Whiteley Index. Using a model
based on item response theory, we linked the score values of the individual
questionnaires. The main outcome of this study is a diagram that can be used to
convert the respective values of eight questionnaires on health anxiety to another.
All instruments showed a reliability above 0.75 near the mean health anxiety
level. The common metric can be used to compare measurements with these
questionnaires in terms of the level of health anxiety. Additionally, the reliability
of the instruments can be judged at different levels of anxiety. This allows for
a better comparability of test results and facilitates communication about the
results among experts and with patients.

KEYWORDS

health anxiety, cancer, worry, fear, progression, recurrence, common metric,
conversion

1 Introduction

Between 2010 and 2019, the number of new cancer cases increased by more than 25%
worldwide (Kocarnik et al., 2022), while the global population only increased by around 11%
in the same period (OECD, 2024). With approximately 10 million cancer deaths in 2019, the
number of years in good health lost to cancer was estimated at 250 million years. This puts
cancer in second place after cardiovascular diseases in the global comparison of causes of death
and lost years of healthy life (Kocarnik et al., 2022).
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Life with a cancer diagnosis is often accompanied by worries and
concerns and fears, including fear of cancer recurrence (FCR), the
fear of symptoms getting worse (fear of progression, FOP), and
concerns about associated negative effects on the future. These are
normal reactions to living with such a disease, but they can also
become dysfunctional, affecting quality of life and daily functioning.

From a broader perspective, these worries, concerns and fears can
be summarized under the concept of health anxiety (HA), a term that
is also applied to chronic diseases. However, the fact that these feelings
can be subsumed under one term does not make the questionnaires
interchangeable. Instead, there may be different or even contradictory
interpretations of the same phenomenon (Maheu et al., 2021). So far,
there is a lack of empirical evidence as to whether interchangeability
is justified and, if so, in what way. This may be one of the reasons why
there is still no consensus on where to draw the line between
functional and dysfunctional anxiety, i.e., at what point HA should
be considered clinically relevant.

For cancer, prevalence rates of at least moderate FCR vary between
22 and 87%, which is attributed to the use of different measurement
tools (Luigjes-Huizer et al., 2022). Given this background, the
prevalence rates of dysfunctional HA for different chronic diseases are
estimated to be at least 20% (Lebel et al., 2020).

In summary, there are two main obstacles to planning patient care
based on the results of different questionnaires, which should
theoretically be comparable: the lack of clarity about the
interchangeability of different perspectives and the use of different
measurement tools.

The aim of this study is to overcome these obstacles and to relate
scores on certain instruments to those on others, using a common
metric. This would enable a comparison of the different perspectives
in terms of their common quality.

Common metrics combine the total values of different
instruments based on a commonality inherent in all instruments in
order to convert the score from one instrument into the respective
score of another or into standardized T-scores of larger item banks,
e.g., a Patient-Reported Outcomes Measurement Information system
(DeWalt et al., 2007). They are usually presented in tabular or
graphical form or, alternatively, as a web application (Fischer and
Rose, 2016). More information about common metrics in general and
their underlying methods can be found, for instance, on https://www.
prosettastone.org or https://www.healthmeasures.net. An overview
of item banks for pain, fatigue, negative affect, physical function, and
social function provided support for their validity across varied
clinical populations with chronic conditions (Cook et al., 2016).
Another study demonstrated the validity of US-based item banks for
depression and anxiety in an independent sample of Australian adults
(Sunderland et al., 2018).

In addition, there are further common metrics for psychological
distress (Batterham et al., 2018), personality disorder (Zimmermann
etal, 2020), and sleep quality (Friedrich et al., 2024), but not for HA.

The development of a common metric for HA was guided by the
following three questions: (1) Do the instruments cover a common
quality that justifies interchangeability (dimensionality of health
anxiety)? (2) How reliably do the instruments measure the common
quality and how accurate are the links between the instruments
(measurement precision)? (3) How can measured values of one
instrument be converted into values of another instrument
(common metric)?
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2 Materials and methods
2.1 Sample of cancer patients

From July 2022 to June 2023, patients at an oncology rehabilitation
clinic were asked to take part in the study. During their stay, which
usually lasts 3 weeks, patients receive physical fitness exercises,
physiotherapy, training in relaxation techniques, and counseling on
occupational and nutritional issues. Patients were consecutively
included if they met the following criteria: Age of at least 18 years,
confirmed cancer diagnosis, sufficient knowledge of German and no
severe cognitive impairment. Out of a total of 2,250 surveyed patients,
1,733 (77%) met the inclusion criteria and gave their informed consent
to participate. The study was approved by the Ethics Committee of the
Medical Faculty of the University of Leipzig (approval number:
513/21-ek).

2.2 Instruments

2.2.1 Fear of progression (FOP-Q-SF, FOP-Q-RS)

The Fear of Progression Questionnaire Short Form, FoP-Q-SE,
(Mehnert et al.,, 20065 Mehnert et al., 2009) is a short form of the
43-item Fear of Progression Questionnaire (FoP-Q) (Herschbach
et al, 2005). The 12 items are to be answered on a five-point Likert
scale (range 1-5), with a total score between 12 and 60. Scores of 34
and above are considered indicators of dysfunctional FOP (Hinz et al.,
2015; Herschbach et al., 2010).

An even shorter version (Fear of Progression Rapid Screener,
FOP-Q-RS) was developed from the short form, which only contains
5 of the 12 items, and has a score ranging from 5 to 25. Values of 12
and above are associated with a moderate level of generalized anxiety
disorder (Youssef et al., 2021).

2.2.2 Stress in cancer patients (QSC-R23-ANX)

The Questionnaire on Stress in Cancer Patients - revised version,
QSC-R23, (Herschbach et al., 2003) contains 23 items that represent
five scales: psychosomatic complaints, anxiety/fears, information
deficits, everyday life restrictions, and social strains. In this study,
we limited ourselves to the anxiety subscale, QSC-R23-ANX, as its
four items relate directly to the fear of cancer progression and to
effects on the future. The items have a value range from 0 to 5, the
score also ranges from 0 to 5, and higher values mean greater anxiety.

2.2.3 Concerns about recurrence (CARQ-4,
CARQ-3)

The Concerns About Recurrence Questionnaire (CARQ-4)
(Thewes et al., 2015) comprises four questions to assess the fear of
cancer recurrence. The first three items are measured on an 11-point
Likert scale from 0 to 10. The fourth item asks about the subjective
probability (range 0-100) of cancer recurring; its value range is also
transformed to the range 0-10. High values represent a greater fear of
recurrence of the cancer. The total score of all four items (CARQ-4)
has a value range from 0 to 40, with values of >12 indicating clinical
levels of FCR.

A second questionnaire, the CARQ-3, refers only to the first three
of the above-mentioned items. Its total score ranges from 0 to 30, with
values of 10 and above indicating clinical levels of FCR (Thewes et al.,
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2015). Two independent psycho-oncological research teams translated
the questionnaire from English into German. The questions in the
original version, which were specifically tailored to breast cancer
patients, were adapted to ensure that they can be answered by cancer
patients in general. Differences between the two versions were
reconciled by consensus under the guidance of a clinician with
relevant practical experience in conducting patient surveys.

2.2.4 Worries of cancer survivors (SURV-HD,
SURV-NHO)

The EORTC QLQ-SURV100 (van Lecuwen et al., 2023) is a new
questionnaire designed to measure all aspects of health-related quality
of life that are important to cancer survivors. The questionnaire
contains several symptom scales, two of which have been included in
this metric: Health Distress (SURV-HD) with three items regarding
worries about health and cancer recurrence, and Negative Health
Outlook (SURV-NHO) with seven items about future aspects of
health. The items are to be answered on a four-point scale (range 0-3).
Each scale is linearly transformed into the range 0-100, and higher
values indicate a higher level of worry about health.

2.2.5 Illness worries (Whiteley-7)

The Whiteley Index, Whiteley-7 (Fink et al., 1999), is a shortened
version of the original 14-item binary-coded Whiteley Index
(Pilowsky, 1967) as a screening instrument for somatization illness.
The response format of the seven items used here is five-point Likert-
scaled (0-4), the sum score range is between 0 and 28 (Carstensen
etal,, 2020), with higher values indicating greater worry about illness.
The questionnaire in its current form contains an additional item on
obsessive illness rumination, that is used to evaluate two different
score versions. In the presentation of the conversion between the
instruments, however, we will confine ourselves to the originally
validated version with seven items.

Altogether 38 items were included in the model on which the
conversion between questionnaires is based (number of items for
FOP: 12, QSC: 4, CARQ: 4, SURV: 10, Whiteley: 8).

The metric formed by the items of the five instruments contains
all four dimensions of HA (Longley et al., 2005), even if not all
dimensions are always included in the individual instruments. Thus,
the following dimensions of HA are covered by the respective
instruments: FOP: affective, cognitive, perceptual; CARQ: affective,
cognitive; SURV: affective, cognitive, behavioral, perceptual; Whiteley:
affective, cognitive, perceptual.

2.3 Statistical analysis

The instruments were linked together in a single group design:
they were collected in one survey and could thus be calibrated
concurrently. The model parameters were estimated using item
response theory (IRT) on the basis of the graded response model.
To ensure that the two basic assumptions of IRT (local
independence and appropriate dimensionality) (Embretson and
Reise, 2000) were met, we developed a bifactor model (Reise et al.,
2010; Reise, 2012) with one general factor for HA and one
additional specific factor. The latter captures the items with an
occupational reference (e.g., fears or anxiety regarding occupational
performance) and thus separates external influences on the HA
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that would otherwise have led to residual correlations between
items that cannot be explained by the common factor
(local dependence).

The degree of local (in)dependence was assessed by evaluating the
residual correlation matrix. According to simulations, it can
be assumed that independent items are unlikely to show residual
correlations of more than 0.3 above or below the average residual
correlation (Christensen et al., 2017).

Three coeflicients are relevant to judge the appropriateness of
dimensionality: The first measure is the proportion of score variance
that can be attributed to the general factor (coefficient omega
hierarchical, COH). If COH is greater than 0.8, it can be assumed that
the general factor is the dominant source of systematic variance, that
is, the common score is assumed to be essentially unidimensional
(Rodriguez et al., 2016).

The second measure is the proportion of common item variance
that can be attributed to the general factor (explained common
variance, ECV). Values greater than 0.7 indicate a strong general
factor, that is, its loadings are not substantially biased by other sources
of systematic variance (Rodriguez et al., 2016).

The third measure comprises the percentage of correlations that
are not contaminated by multidimensionality (percentage of
uncontaminated correlations, PUC). With values greater than 0.7
(Rodriguez et al,, 2016), the common variance can be considered
sufficiently unidimensional. ECV and PUC should be interpreted
together, as the relevance of ECV in the assessment of dimensionality
decreases with increasing values of PUC.

Measurement precision refers to the accuracy with which
individual scores can be used to indicate the level of HA. It is
determined by the standard error of measurement (SEm, to avoid
confusion between this abbreviation and the usual abbreviation for
structural equation modeling, SEM, we use the lowercase letter “m”
here), which is directly related to reliability via the formula
Reliability = 1 - (SEm/SD)> A distinguishing feature of IRT compared
to classical test theory (CTT) is that the reliability can be determined
for each individual score value. Unlike in CTT where the SEm is a
constant, in IRT it is variable, as it depends on the test
information function.

The accuracy of the links between the instruments will
be assessed on the basis of the mean of the differences between the
measurements of two instruments (methods): When measuring
HA by two different methods, the measurements usually show a
(lack  of
be summarized by the mean of the differences of method A minus

certain disagreement agreement), which can
method B. The 95% confidence interval of this mean indicates the
magnitude of the systematic difference (Giavarina, 2015), i.e.,
systematic over- or underestimation of method B compared to
method A.

Additionally, we present the correlations between the raw
scores of the measures and their respective estimated theta values
(Supplementary Table 1) and Bland-Altman plots (Bland and
Altman, 1995, 1999; Giavarina, 2015) to show the agreement
among the estimated theta values on the common metric
(Supplementary Figure S1).

The analyses were conducted with R, version 4.3.2 (R Core Team,
2023) using the packages mirt, version 1.4.1 (Chalmers, 2012) for the
IRT-based analyses, and ggplot2, version 3.4.4 (Wickham, 2016) to
create the graphs.
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TABLE 1 Sociodemographic and clinical characteristics of the sample

(n=1,733).
n (%)
Sex
Male 702 (40.5)
Female 1,031 (59.5)
Age group
18-39 years 254 (14.7)
40-49 years 276 (15.9)
50-59 years 417 (24.1)
60-69 years 464 (26.8)
>70 years 322 (18.6)
Education®
Elementary school (8-9 years) 356 (20.6)
Junior high school (10 years) 527 (30.5)
High school/university
11 years) 830 (48.1)
No formal qualification 13 (0.8)
Employment status®
Employed 996 (57.7)
Unemployed 63 (3.7)
Retired 589 (34.1)
Other 78 (4.5)
Tumor localization
Breast 560 (32.3)
Prostate 309 (17.8)
Gastrointestinal tract 290 (16.7)
Hematological 202 (11.7)
Female genital organs 108 (6.2)
Urinary tract 87 (5.0)
Melanoma 49 (2.8)
Thyroid/endocrine glands 38 (2.2)
Male genital organs 29 (1.7)
Others 61 (3.5)
Treatment
Surgery*
No 177 (10.2)
Yes 1,556 (89.8)
Radio therapy®
No 952 (55.0)
Yes 779 (45.0)
Chemotherapy?
No 882 (51.1)
Yes 843 (48.9)
Hormone therapy?
No 1,247 (72.5)
Yes 473 (27.5)
(Continued)

Frontiers in Psychology

04

10.3389/fpsyg.2024.1455121

TABLE 1 (Continued)

n (%)
Antibody therapy? ‘
No 1,452 (84.7) ‘
Yes 262 (15.3) ‘

“Missing data not reported.

3 Results
3.1 Sample characteristics

Table 1 presents the characteristics of the sample. Out of 1,733
participating patients, 59.5% were female, the mean age was 56.1 years
(SD = 14.5 years), and 37.8% were retired or unemployed. The most
frequent diagnoses were tumors of the breast (32.3%), the prostate
(17.8%), and tumors of the gastrointestinal tract (16.7%).

3.2 Dimensionality of health anxiety

Both basic assumptions of IRT held after assuming a general factor
and a specific factor (systematic influence) regarding three items with
occupational reference. Residual correlations showed values from —0.15
to 0.26, the mean of residual correlations was 0.01. Hence, all correlations
were within the interval of 0.01 + 0.30, local independence was assumed.

The score variance attributable to the general factor (COH) was
0.97, thus the dominant influence on the score is a common (general)
factor. Furthermore, the item’s variances explained by the general
factor were not biased by the assumption of the specific factor, because
ECV was 0.91. More than 99% of the correlations between the items
were not contaminated by specific factors (PUC > 0.99).

3.3 Measurement precision

The accuracy with which the level of HA can be inferred from
individual score values can be seen in Figure 1. It shows the SEm of the
general factor in dependence from the standardized factor score (theta).

Each data point corresponds to a possible sum value of the
respective instrument and has a number that identifies the instrument
it belongs to. All instruments achieved a reliability of more than 0.75
within a theta-range of +1 standard deviation (SD). In this range the
CARQ-3 showed the best reliability with values above 0.90.

The accuracy with which a score value of one instrument can
be inferred from the score value of another can be impaired by a
systematic lack of agreement between two instruments. The latter was
below 0.1 SDs for all conversions. The means of the respective
differences ranged from —0.04, 95%-CI: —0.08 - -0.01 (SURV-HD vs.
QSC-R23ANX) to 0.06, 95%-CI: 0.02-0.09 (QSC-R23ANX vs.
CARQ-3). The 95% confidence intervals that were below zero (i.e., the
“line of equality”) had an upper bound of —0.01 and the intervals that
were above zero had a lower bound of 0.02, hence the maximum
distance from zero was 0.02. Table 2 presents the mean differences
(upper triangle) and confidence intervals (lower triangle).
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FIGURE 1
Measurement precision of the instruments to measure health anxiety. FOP-Q-SF, Fear of Progression Questionnaire Short Form; FOP-Q-RS, Fear of
Progression Rapid Screener; QSC-R23-ANX, anxiety subscale of the Questionnaire on Stress in Cancer Patients — revised version; CARQ-4, 4-item
version of the Concerns About Recurrence Questionnaire; CARQ-3, 3-item version of this questionnaire; SURV-HD, subscale Health Distress of the
EORTC QLQ-SURV100; SURV-NHO, subscale Negative Health Outlook of this questionnaire; WHITELEY-7, Whiteley Index; theta: standardized factor
score (mean = 0, standard deviation = 1); SEm(theta), standard error of measurement.

TABLE 2 Mean of the differences between methods of measurement.

ALL SURV- SURV- FOP- FOP- QSC- CARQ-4 CARQ-3 WHITELEY-7
HD NHO Q-SF Q-RS R23ANX
ALL 0.02 0.02 -0.01 ~0.02 -0.02 0.03 0.03 0.03
-0.01
SURV-HD -0.01 ~0.04 —0.04 —0.04 0.01 0.01 0.01
0.05
-0.01 —0.04
SURV-NHO -0.03 —0.03 —0.04 0.02 0.02 0.01
0.04 0.03
-0.03 —0.07 ~0.06
FOP-Q-SF -0.01 -0.01 0.04 0.05 0.04
0.01 0.01 0.01
—0.04 —0.08 —0.07 —0.02
FOP-Q-RS -0.01 0.05 0.05 0.05
0.01 -0.01 -0.01 0.01
—0.04 —0.08 —0.07 ~0.04 -0.03
QSC-R23ANX 0.05 0.06 0.05
0.01 -0.01 -0.01 0.02 0.02
0.01 —0.02 -0.02 0.01 0.01 0.02
CARQ-4 0.01 -0.01
0.05 0.04 0.05 0.08 0.08 0.09
0.01 -0.02 -0.02 0.01 0.01 0.02 -0.01
CARQ-3 -0.01
0.06 0.04 0.05 0.08 0.09 0.09 0.01
0.01 -0.03 -0.02 0.01 0.01 0.02 —0.04 -0.04
WHITELEY-7
0.05 0.04 0.05 0.08 0.08 0.09 0.03 0.03

The upper triangle shows the mean of the differences, the lower triangle shows the respective 95%-confidence intervals of the mean differences (upper value = lower bound, lower value = lower

bound). The values in bold face denote the mean differences whose 95%-confidence intervals do not include the value zero.

3.4 Common metric

Figure 2 presents the main outcome of this study: a common
metric to compare the instruments. The left axis shows the
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standardized factor score (theta) of the general factor. The value
zero marks the average level of HA. For each instrument, the data
points are labeled with their respective score values in steps of five.
For scores that are transformed to a specific value range or that
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Common metric of health anxiety. CARQ-4, 4-item version of the Concerns About Recurrence Questionnaire; CARQ-3, 3-item version of this
questionnaire; FOP-Q-SF, Fear of Progression Questionnaire Short Form; FOP-Q-RS, Fear of Progression Rapid Screener; SURV-HD, subscale Health
Distress of the EORTC QLQ-SURV100; SURV-NHO, subscale Negative Health Outlook of this questionnaire; QSC-R23-ANX, anxiety subscale of the
Questionnaire on Stress in Cancer Patients—revised version; WHITELEY-7, Whiteley Index; theta, standardized factor score (mean = O, standard

are reported as mean values, the intermediate values are as the graduation marks of different thermometers indicate certain

also shown.

temperatures. For example, a score of 28 on the CARQ-4

Each score value has an average theta value that determines its ~ corresponds to an HA that is about 1 SD above the average

position regarding the left axis. It indicates a certain level of HA, just  level of HA.
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Scores that originate from a sample are usually not integer and
have decimal places. If a corresponding theta value is to
be obtained for such a score from a sample, the theta value can
be determined using linear interpolation between score and
theta values:

X = Xjower _ theta(X) —theta( Xiower )
Xupper = Xlower ~ theta (Xupper ) —theta (Xlower )

Here, X corresponds to the average score value that lies between
the score values Xjq.. (below Y) and X (above X). The values
theta(Xower) and theta(Xupper) are the theta values corresponding to
the score values neighboring X.

For a mean value in the FOP-Q-SF of 24.93 (Hinz et al., 2015), this
results in the following relationship:

24.93-24  theta(24.93)—(-0.45)
25-24  (-0.35)—(-0.45)

If the formula is rearranged to theta(X), the theta value for X is
about —0.36.

4 Discussion
4.1 Common metric

The main objective of this study was to develop a common metric
that allows comparisons between scores from different instruments
used to measure HA. For example: A study on Danish breast cancer
survivors (Ellegaard et al., 2017) reported a mean score of 15.2 in
CARQ-4. This value corresponds to a theta value of 0.02. Another
study on German breast cancer survivors (Mechnert et al., 2009)
reported a mean score of 19.5 in FOP-Q-SE This value corresponds to
a theta value of —0.94. For Chinese breast cancer patients, a study (Ban
etal., 2021) reported a mean score of 37.8 in FOP-Q-SE, corresponding
to a theta value of 0.78.

By aligning the score values to the level of HA, score values can
also be transferred from one instrument to another, that is, cutoff
scores for identifying dysfunctional levels of health anxiety can
be converted from one questionnaire to another. For example, for the
FOP-Q-SF, a cutoff value of 34 or more is considered an indicator of
dysfunctional FOP. This score corresponds to a mean HA of around
0.46 above the average level. On the CARQ-3, this theta value
corresponds to a score between 16 (with theta 0.40) and 17 (with theta
0.49). This means that patients who report a CARQ-3 score of 17 or
more can be assumed to have a similar level of HA as those who report
dysfunctional FOP as measured by the FOP-Q-SE

4.2 Measurement precision

In terms of the accuracy of the links in different areas of HA,
we can refer to a study on the CARQ (Thewes et al.,, 2015). The authors
report the scores for CARQ-3 and CARQ-4 for Australian and Danish
breast cancer patients: For the Australian population the mean scores
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are 13.0 (CARQ-3) and 16.6 (CARQ-4). Both scores correspond to
theta values of around 0.13, i.e., marginally above-average HA. Their
lack of agreement (CARQ-4 minus CARQ-3) is below zero and
slightly above —0.01 SDs. For the Danish population the mean scores
are 5.3 (CARQ-3) and 7.0 (CARQ-4). These scores correspond to
theta values of around —0.68 and —0.70 respectively, i.e., to a fairly
below-average HA, an area where the reliability of both questionnaires
is rather high.

With regard to the reliability of the instruments in the area of
average HA (theta range of £1 SD) CARQ-3, CARQ-4, and FOP-Q-SF
showed the highest values, while the lowest values were represented
by FOP-Q-RS and SURV-HD. Yet, when looking at the areas outside
of average HA, it is noticeable that the instruments lose reliability. This
was to be expected because there tend to be fewer respondents in the
extreme areas of HA in a sample and the consequently smaller number
of cases results in a larger standard error of measurement (SEm).
However, the instruments’ reliability can still be differentiated in this
area: for moderate HA, the CARQ-3 is the best choice, while in the
marginal areas the FOP-Q-SF turns out to be the most
reliable instrument.

4.3 Dimensionality of health anxiety

The common metric was based on a bifactorial model. As such,
the unidimensionality fundamental to a common metric was ensured
by introducing a specific factor in addition to the general factor. The
specific factor controls for additional work-related influences of
individual items that would have systematically distorted the general
HA. Overall, the HA can be regarded as a unidimensional construct,
as the additional factor had no substantial influence on the parameters
relevant for appropriate dimensionality (COH, ECV, PUC).

4.4 Limitations

We presented a common metric that also bears potential
limitations. These are essentially determined by three elements: the
selection of instruments, the sample used, and the model on which the
metric is based.

First, the instruments were selected on the assumption that they
are widely used in psycho-oncology and that they reflect the specific
views of HA. Hence, we focused on a particular set of instruments.
The inclusion of additional instruments or the omission of certain
instruments may have an impact on the conversions between the
instruments used. The extent of the impact depends in particular on
which dimensions of HA are ultimately covered by the entire item
pool. However, similar metrics could nevertheless be developed for
other instruments and linked with this metric using one of the eight
instruments included in our study.

Second, the sample is based on a consecutive selection of cancer
patients who took part in a rehabilitation program at a large German
rehabilitation clinic and who were willing to participate in the study.
For patients in this stage of the disease, it can be assumed that the
characteristics of HA have stabilized compared to the time of acute
treatment. Temporary systematic influencing factors, such as the
physical limitations that occurred during acute treatment, have often
subsided during this time. The generalizability of the links of this
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common metric to cancer patients in non-rehabilitative settings or to
patients with other chronic diseases is unclear and has not been tested
in the area outside of oncology.

In addition, this common metric is not anchored to a reference
group of the general population. Hence the results cannot be expressed
as T scores referring to the general population.

Third, the metric was developed on a bifactorial IRT-based model
to estimate the extent of HA (theta values). A different model would
have provided different results and probably at least partially different
links between the questionnaires.

A validation of this metric in other clinical settings, as well as in
culturally or linguistically different populations could determine or
possibly broaden the range of applicability of the metric.

5 Conclusion

In summary, the metric presented here enables us to compare
results of particular questionnaires with regard to HA and to assess
their reliability when used with patients experiencing different levels
of HA. This can facilitate the interpretation of test scores and guide the
resulting patient care.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by ethics committee
of the medical faculty of the University of Leipzig. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

ME: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing. TS: Conceptualization, Data curation,
Funding acquisition, Resources, Validation, Writing - review &
editing. MM: Data curation, Validation, Writing — review & editing.

References

Ban, Y, Li, M., Yu, M., and Wu, H. (2021). The effect of fear of progression on quality
of life among breast cancer patients. The mediating role of social support. Health Qual.
Life Outcomes 19:178. doi: 10.1186/s12955-021-01816-7

Batterham, P. J., Sunderland, M., Slade, T., Calear, A. L., and Carragher, N. (2018).
Assessing distress in the community. Psychometric properties and crosswalk comparison
of eight measures of psychological distress. Psychol. Med. 48, 1316-1324. doi: 10.1017/
$0033291717002835

Frontiers in Psychology

10.3389/fpsyg.2024.1455121

AH: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for
the research, authorship, and/or publication of this article. This
study was funded by German Cancer Aid (grant number:
70114423). The publication of this article was funded by the Open
Access Publishing Fund of Leipzig University supported by the
German Research Foundation within the program Open Access
Publication Funding.

Acknowledgments

We thank all patients who participated in this study, the German
Cancer Aid for funding the study, and the Open Access Publishing
Fund of Leipzig University. We also thank Kathrin Forstner for
English language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1455121/
full#supplementary-material

Bland, J. M., and Altman, D. G. (1995). Comparing methods of measurement. Why
plotting difference against standard method is misleading. Lancet 346, 1085-1087. doi:
10.1016/S0140-6736(95)91748-9

Bland, J. M., and Altman, D. G. (1999). Measuring agreement in method comparison
studies. Stat. Methods Med. Res. 8, 135-160. doi: 10.1177/096228029900800204

Carstensen, T. B. W,, @Qrnbel, E., Fink, P, Pedersen, M. M., Jorgensen, T.,
Dantoft, T. M., et al. (2020). Detection of illness worry in the general population. A

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1455121
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1455121/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1455121/full#supplementary-material
https://doi.org/10.1186/s12955-021-01816-7
https://doi.org/10.1017/S0033291717002835
https://doi.org/10.1017/S0033291717002835
https://doi.org/10.1016/S0140-6736(95)91748-9
https://doi.org/10.1177/096228029900800204

Friedrich et al.

specific item on illness rumination improves the Whiteley index. J. Psychosom. Res.
138:110245. doi: 10.1016/j.jpsychores.2020.110245

Chalmers, R. P. (2012). Mirt. A multidimensional item response theory package for
the R environment. J Stat Soft 48, 1-29. doi: 10.18637/jss.v048.i06

Christensen, K. B., Makransky, G., and Horton, M. (2017). Critical values for Yen's
Q3. Identification of local dependence in the Rasch model using residual correlations.
Appl. Psychol. Meas. 41, 178-194. doi: 10.1177/0146621616677520

Cook, K. E, Jensen, S. E., Schalet, B. D., Beaumont, J. L., Amtmann, D., Czajkowski, S.,
etal. (2016). PROMIS measures of pain, fatigue, negative affect, physical function, and
social function demonstrated clinical validity across a range of chronic conditions. J.
Clin. Epidemiol. 73, 89-102. doi: 10.1016/j.jclinepi.2015.08.038

DeWalt, D. A., Rothrock, N., Yount, S., and Stone, A. A. (2007). Evaluation of item
candidates. The PROMIS qualitative item review. Med. Care 45, S12-S21. doi:
10.1097/01.mlr.0000254567.79743.e2

Ellegaard, M.-B. B., Grau, C., Zachariae, R., and Bonde Jensen, A. (2017). Fear of
cancer recurrence and unmet needs among breast cancer survivors in the first five years.
A cross-sectional study. Acta Oncol. 56, 314-320. doi: 10.1080/0284186X.2016.1268714

Embretson, S. E., and Reise, S. P. (2000). Item response theory for psychologists.
Mahwah, N.J: L. Erlbaum Associates.

Fink, P, Ewald, H., Jensen, J., Serensen, L., Engberg, M., Holm, M., et al. (1999).
Screening for somatization and hypochondriasis in primary care and neurological in-
patients. J. Psychosom. Res. 46, 261-273. doi: 10.1016/50022-3999(98)00092-0

Fischer, H. E, and Rose, M. (2016). A web application to estimate scores from different
patient-reported outcome measures on a common scale. BMC Med. Res. Methodol.
16:142. doi: 10.1186/s12874-016-0241-0

Friedrich, M., Schulte, T., Malburg, M., and Hinz, A. (2024). Sleep quality in cancer
patients. A common metric for several instruments measuring sleep quality. Qual. Life
Res. 33,3081-3091. doi: 10.1007/s11136-024-03752-7

Giavarina, D. (2015). Understanding Bland Altman analysis. Biochem. Med. 25,
141-151. doi: 10.11613/BM.2015.015

Herschbach, P, Berg, P, Dankert, A., Duran, G., Engst-Hastreiter, U.,, Waadt, S., et al.
(2005). Fear of progression in chronic diseases. Psychometric properties of the fear of
progression questionnaire. J. Psychosom. Res. 58, 505-511. doi: 10.1016/j.
jpsychores.2005.02.007

Herschbach, P, Berg, P, Waadt, S., Duran, G., Engst-Hastreiter, U, Henrich, G., et al.
(2010). Group psychotherapy of dysfunctional fear of progression in patients with chronic
arthritis or cancer. Psychother. Psychosom. Med. Psychol. 79, 31-38. doi: 10.1159/000254903

Herschbach, P, Marten-Mittag, B., and Henrich, G. (2003). Revision und
psychometrische Priifung des Fragebogen zur Belastung von Krebskranken (FBK-R23)
[revision and psychometric properties of the questionnaire on stress in Cancer patients
(QSC-R23)]. Z. Med. Psychol. 12, 69-76.

Hinz, A., Mehnert, A., Ernst, J., Herschbach, P, and Schulte, T. (2015). Fear of
progression in patients 6 months after cancer rehabilitation-a- validation study of the
fear of progression questionnaire FoP-Q-12. Support Care Cancer 23, 1579-1587. doi:
10.1007/s00520-014-2516-5

Kocarnik, J. M., Compton, K., Dean, E. E., Fu, W,, Gaw, B. L., Harvey, J. D,, et al.
(2022). Cancer incidence, mortality, years of life lost, years lived with disability, and
disability-adjusted life years for 29 cancer groups from 2010 to 2019. A systematic
analysis for the Gobal burden of disease study 2019. JAMA Oncol. 8, 420-444. doi:
10.1001/jamaoncol.2021.6987

Lebel, S., Mutsaers, B., Tomei, C., Leclair, C. S., Jones, G., Petricone-Westwood, D.,
et al. (2020). Health anxiety and illness-related fears across diverse chronic illnesses. A
systematic review on conceptualization, measurement, prevalence, course, and
correlates. PLoS One 15:¢0234124. doi: 10.1371/journal.pone.0234124

Frontiers in Psychology

09

10.3389/fpsyg.2024.1455121

Longley, S. L., Watson, D., and Noyes, R. (2005). Assessment of the hypochondriasis
domain. The multidimensional inventory of hypochondriacal traits (MIHT). Psychol.
Assess. 17, 3-14. doi: 10.1037/1040-3590.17.1.3

Luigjes-Huizer, Y. L., Tauber, N. M., Humphris, G., Kasparian, N. A., Lam, W. W. T,,
Lebel, S., et al. (2022). What is the prevalence of fear of cancer recurrence in cancer
survivors and patients? A systematic review and individual participant data meta-
analysis. Psychooncology 31, 879-892. doi: 10.1002/pon.5921

Maheu, C,, Singh, M., Tock, W. L., Eyrenci, A., Galica, J., Hébert, M., et al. (2021). Fear
of cancer recurrence, health anxiety, worry, and uncertainty. A scoping review about
their conceptualization and measurement within breast cancer survivorship research.
Front. Psychol. 12:644932. doi: 10.3389/fpsyg.2021.644932

Mehnert, A., Berg, P, Henrich, G., and Herschbach, P. (2009). Fear of cancer
progression and cancer-related intrusive cognitions in breast cancer survivors.
Psychooncology 18, 1273-1280. doi: 10.1002/pon.1481

Mehnert, A., Herschbach, P, Berg, P, Henrich, G., and Koch, U. (2006).
Progredienzangst bei Brustkrebspatientinnen — Validierung der Kurzform des
Progredienzangstfragebogens PA-F-KF [fear of progression in breast cancer patients
— validation of the short form of the fear of progression questionnaire (FoP-Q-SF)]. Z.
Psychosom. Med. Psychother. 52, 274-288. doi: 10.13109/zptm.2006.52.3.274

OECD. (2024). Population (indicator). Available at: https://data.oecd.org/pop/
population.htm (Accessed April 26, 2024)

Pilowsky, I. (1967). Dimensions of hypochondriasis. Br. J. Psychiatry 113, 89-93. doi:
10.1192/bjp.113.494.89

R Core Team (2023). R: A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing.

Reise, S. P. (2012). The rediscovery of bifactor measurement models. Multivariate
Behav Res 47, 667-696. doi: 10.1080/00273171.2012.715555

Reise, S. P, Moore, T. M., and Haviland, M. G. (2010). Bifactor models and rotations.
Exploring the extent to which multidimensional data yield univocal scale scores. J. Pers.
Assess. 92, 544-559. doi: 10.1080/00223891.2010.496477

Rodriguez, A., Reise, S. P, and Haviland, M. G. (2016). Applying bifactor statistical
indices in the evaluation of psychological measures. J. Pers. Assess. 98, 223-237. doi:
10.1080/00223891.2015.1089249

Sunderland, M., Batterham, P,, Calear, A., and Carragher, N. (2018). Validity of the
PROMIS depression and anxiety common metrics in an online sample of Australian
adults. Qual. Life Res. 27, 2453-2458. doi: 10.1007/s11136-018-1905-5

Thewes, B., Zachariae, R., Christensen, S., Nielsen, T., and Butow, P. (2015). The
concerns about recurrence questionnaire. Validation of a brief measure of fear of cancer
recurrence amongst Danish and Australian breast cancer survivors. J. Cancer Surviv. 9,
68-79. doi: 10.1007/s11764-014-0383-1

van Leeuwen, M., Kieffer, J. M., Young, T. E., Annunziata, M. A., Arndt, V,
Arraras, J. L, et al. (2023). Phase III study of the European Organisation for Research
and Treatment of Cancer quality of life cancer survivorship core questionnaire. J. Cancer
Surviv. 17, 1111-1130. doi: 10.1007/s11764-021-01160-1

Wickham, H. (2016). ggplot2: Elegant graphics for data analysis. Second Edn. Cham:
Springer International Publishing.

Youssef, Y., Mehnert-Theuerkauf, A., Gotze, H., Friedrich, M., and Esser, P. (2021). Rapid
screener for the assessment of fear of progression in cancer survivors. The fear of progression-
questionnaire rapid screener. Eur. J. Cancer Care 30:13400. doi: 10.1111/ecc.13400

Zimmermann, J., Miiller, S., Bach, B., Hutsebaut, J., Hummelen, B., and Fischer, E
(2020). A common metric for self-reported severity of personality disorder.
Psychopathology 53, 168-178. doi: 10.1159/000507377

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1455121
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.jpsychores.2020.110245
https://doi.org/10.18637/jss.v048.i06
https://doi.org/10.1177/0146621616677520
https://doi.org/10.1016/j.jclinepi.2015.08.038
https://doi.org/10.1097/01.mlr.0000254567.79743.e2
https://doi.org/10.1080/0284186X.2016.1268714
https://doi.org/10.1016/s0022-3999(98)00092-0
https://doi.org/10.1186/s12874-016-0241-0
https://doi.org/10.1007/s11136-024-03752-7
https://doi.org/10.11613/BM.2015.015
https://doi.org/10.1016/j.jpsychores.2005.02.007
https://doi.org/10.1016/j.jpsychores.2005.02.007
https://doi.org/10.1159/000254903
https://doi.org/10.1007/s00520-014-2516-5
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.1371/journal.pone.0234124
https://doi.org/10.1037/1040-3590.17.1.3
https://doi.org/10.1002/pon.5921
https://doi.org/10.3389/fpsyg.2021.644932
https://doi.org/10.1002/pon.1481
https://doi.org/10.13109/zptm.2006.52.3.274
https://data.oecd.org/pop/population.htm
https://data.oecd.org/pop/population.htm
https://doi.org/10.1192/bjp.113.494.89
https://doi.org/10.1080/00273171.2012.715555
https://doi.org/10.1080/00223891.2010.496477
https://doi.org/10.1080/00223891.2015.1089249
https://doi.org/10.1007/s11136-018-1905-5
https://doi.org/10.1007/s11764-014-0383-1
https://doi.org/10.1007/s11764-021-01160-1
https://doi.org/10.1111/ecc.13400
https://doi.org/10.1159/000507377

	A common metric for questionnaires on health anxiety in cancer patients
	1 Introduction
	2 Materials and methods
	2.1 Sample of cancer patients
	2.2 Instruments
	2.2.1 Fear of progression (FOP-Q-SF, FOP-Q-RS)
	2.2.2 Stress in cancer patients (QSC-R23-ANX)
	2.2.3 Concerns about recurrence (CARQ-4, CARQ-3)
	2.2.4 Worries of cancer survivors (SURV-HD, SURV-NHO)
	2.2.5 Illness worries (Whiteley-7)
	2.3 Statistical analysis

	3 Results
	3.1 Sample characteristics
	3.2 Dimensionality of health anxiety
	3.3 Measurement precision
	3.4 Common metric

	4 Discussion
	4.1 Common metric
	4.2 Measurement precision
	4.3 Dimensionality of health anxiety
	4.4 Limitations

	5 Conclusion

	References

