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Measuring anxiety and depression in the oncology setting using
visual-digital scales
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Abstract

We investigated the feasibility of using single-item visual-digital scales for measuring anxiety and depression for research
purposes within the oncology and palliative care setting. Data were retrieved from five nationwide postal questionnaires
comprising 3 030 individuals (response rate 76%): cancer patients, widows/parents who had lost their husband/child to
cancer and population controls. All questionnaires contained the Center for Epidemiological Studies Depression scale
(CES-D) and Spielberger’s State-Trait Anxiety Inventory (STAI-T) as well as seven-point Visual-Digital Scales (VDS)
assessing anxiety and depression. Each stepwise increased score on the VDS-depression provided a statistically significant
increase in the mean score on CES-D (Spearman’s r =0.582). The VDS-anxiety correlated with mean scores on STAI-T
(Spearman’s r =0.493), however, not all stepwise increased scores on the VDS-anxiety gave a statistically significant
increase on the STAI-T. Positive- and negative predictive values were 51% and 91% for VDS-depression and 64% and 80%
for VDS-anxiety. Missing data for STAI-T were 7% and 9% for CES-D; the corresponding figures were 2% for the VDS-
depression and 3% for VDS-anxiety. With low attrition and agreement with psychometric scales, the Visual-Digital Scales
are a feasible alternative for research in the oncology setting. However, the high negative predictive value and the low
positive predictive value suggest that the visual-digital scales mainly detect the absence of the symptoms.

Anxiety and depression are common serious condi-
tions in the cancer patient population [1] and
frequently remain undetected by the attending
physicians [2]. The negative implications are sub-
stantial for the patients’ quality of life [3] as well as
for the burden of family members’ during the illness
[4] and, in the case of incurable disease, in bereave-
ment [3]. Population-based studies identifying risk
factors related to care and treatment of psychological
morbidity within the oncology setting are essential
for improved care; these studies rely on valid
measurements of psychological morbidity.

Many of the current measures of psychological
morbidity, psychometric scales (e.g. CES-D), are
lengthy and are therefore less suitable for the cancer
population; they take considerable time from often
very ill patients who may have prognosis of limited
survival time. Thus, when used, they impose the risk
of attrition and inaccurate responses owing to
fatigued respondents. One-item visual-analog scales
(e.g., the Edmonton Symptom Assessment System)
are being used in the cancer population for measure-
ments of pain, anxiety, and depression and their
psychometric properties have been reported [5]. In a
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similar fashion, we have constructed clear-cut visual-
digital scales for measuring anxiety and depression.
We have used these scales in national population-
based studies and now have data from over 3 000
subjects, including cancer patients with matched
controls and bereaved relatives of patients dying of
cancer. Comparing the properties of these simple
one-item measures with traditional psychometric
scales, our aim is to investigate the feasibility of
using visual-digital scales for measuring anxiety and
depression in the context of cancer research.

Subjects and methods

The data in this study have been retrieved from men
with prostate cancer randomized to radical prosta-
tectomy or watchful waiting in 1989 to 1999 [6] (data
collection 1); all survivors of cervical early-stage
cancer diagnosed 1991 to 1992 and population
controls [7] (data collection 2); all cystectomized
urinary bladder cancer cases in Stockholm alive in
1996 and population controls [8] (data collection 3);
widows of men who died of urinary bladder cancer in
1995 or 1996, or prostate cancer in 1996, and
population controls [3] (data collection 4); and
parents who lost a child to cancer between 1992
and 1997 and population controls [9-10] (data
collection 5). The information was collected during
the period 1996-2001 by means of anonymous
postal questionnaires developed through in-depth
interviews and tested for face validity. The question-
naires were answered 2 to 9 years after the loss by the
bereaved population and 1 to 30 years (median 5,
I.Q.R. 3.2-6.5) after the operation/radiation of the
cancer survivors. Controls were matched for age,
residence region and, when possible, gender. The
procedure in the data collections has been thoroughly
described in previous work [3,6-9]. All data collec-
tions were approved by the Regional Ethics Commit-
tee of Karolinska Institutet. Data collection 1
(prostate cancer) was also approved in five other
regional ethics committees throughout Sweden.

Measurements

All questionnaires contained the Center for Epide-
miological Studies Depression scale measure for
Depression (CES-D) [11] and Spielberger’s State -
Trait Anxiety Inventory (STAI-T) [12]. Both scales
have been widely used in medical research and
contain 20 items measured in four response cate-
gories (1—-4); (to have uniform data we disregarded
the founders of CES-D suggestion of calculating
score with item values from zero to three).

The CES-D is a 20-item scale developed by
Radloff in 1977 which asks about symptoms of

depression during the previous week. A mean score
> 1.8 (corresponds to a score of 16 when item coded
zero to three) has been described by Radloff as
‘caseness’ of depression and was used here as a cut-
off point in the sensitivity and specificity analysis
[11]. Developed by Spielberger and coworkers [12],
STAI-T is also a 20-item scale which asks about
“trait anxiety”, i.e., the items are without a time-
frame and refer to how the respondent usually feels.
Spielberger does not recommend any given cut-off
point for “caseness”; we have used the mean score of
>2 (summary score of >20) as a cut-off point in the
sensitivity and specificity analysis.

We also included the questions ‘Have you been
depressed during the previous six months?’ (VDS-
depression) and ‘Have you experienced anxiety
during the previous six months?’ (VDS-anxiety),
which were answered on a seven-point visual digital
scale (VDS) ranging from “never” (1) to “all the
time” (7). The individual data collections had
different primary aims and therefore different time
frames on the visual digital scales: “the previous six
months” in data collection 1 (prostate cancer), 2
(cervical cancer) and 3 (bladder cancer), “the
previous month” in data collection 5 (bereaved
parents) and “the previous week” in data collection
4 (widows) (Table II). Responses comprising 1-2
were interpreted as indications of little or no
depression or anxiety, while those of 3-7 were
interpreted to indicate moderate or much depression
or anxiety.

Statistical Analysis

SPSS was used for all statistical analyses [13]. To
calculate the mean scores on the CES-D and the
STAI-T we summed all 20 items and divided the
sum by the number of questions answered. When
more than two (of 20) answers were missing, the
mean scores were considered as missing. We report
the mean scores of CES-D and STAI-T at each point
of the corresponding VDS question with 95%
confidence interval (Figure la and 2a). Mann-
Whitney non-parametric rank test was performed
to test if the groups differ where the confidence
intervals overlapped. The values for CES-D and
STAI-T are presented as groups in each response
category of the VDS questions (Figure 1b and 2b).
For inspection of internal reliability of CES-D and
STAI-T, Cronbach alpha was calculated. The non-
parametric correlation (Spearman’s) was calculated
for the scales and the two VDS questions. Specifi-
city, sensitivity, and positive and negative predictive
values were calculated for the VDS questions with
STAI-T and CES-D for comparison.
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Figure 1. (a) Mean score of CES-D at each response category of
the Visual Digital Scale for depression (b) Groups of CES-D
scores at each category of the VDS-D.

Results

Sixty-six percent of the respondents were from urban
areas (>500 000 inhabitants) and 63% were wo-
men. The mean age was 61.6 years for men and 55.7
years for women. Further demographic character-
istics are presented in Table I. The response rate was
76% (3057/4009) (Table II).

Spearman’s correlation between VDS-depression
and CES-D was 0.582, 0.592 for men and 0.589 for
women and varied between 0.472 and 0.691 for the
different data collections (Table II). Each higher
category in the VDS-depression gave a statistically
significant increase in CES-D (confidence intervals
not overlapping). Although the confidence intervals
at steps 4 and 5 overlapped, the Mann-Whitney test
separated the two, p =0.026 (two-sided) (Figure 1a).
The CES-D mean scores in Figure 1b have been
divided into three groups (1-2, 2—3 and 3-4); the
lowest category on the VDS-depression identified
98% of the non-depressed subjects according to
CES-D and the highest category on the VDS-
depression identified 80% of those with a mean score
of 2 or more on the CES-D. The categories in
between follow a nearly linear increase in percentage
identified as depressed (Figure 1b).

For anxiety the Spearman’s correlation between
VDS-anxiety and STAI-T was 0.493; these numbers
are 0.467 for men and 0.494 for women. Between
data collections, the Spearman’s correlation ranged
from 0.441 up to 0.592 (Table II). The relationship
was not completely linear; the third category on the
VDS-anxiety yielded a slightly higher score on the
STAI-T than the fourth one and there was not a
statistically significant difference between catego-
ries 5 and 6 in terms of an increase in the STAI-T
mean score (p=0.709 and p =0.094, two-sided)
(Figure 2a). The STAI-T scores were divided into
three groups (1-2, 2—3 and 3—4) in the analyses
presented in Figure 2b. Eighty-five percent of sub-
jects responding with the lowest category on the
VDS-anxiety were non-anxious and 81% of those in
the highest category were classified as having anxiety
according to the STAI-T (Figure 2b).

A shorter time frame of the VDS-depression
correlated better with CES-D scores: the response
“during the previous week” had the highest Spear-
man’s coefficient of 0.632, compared to 0.596 for
“during the previous month” and 0.521 for “during
the previous six months.” Comparing the correla-
tions for previous week with previous month gave a
p-value of 0.15, and comparing previous month with
six months gave p =0.006. In contrast, all time
frames on the VDS-anxiety gave similar non-para-
metric correlation with the STAI-T: 0.534 for
“during the previous week”, 0.541 for “during the
previous month”, and 0.493 for “during the six
previous months”. Comparing correlations for pre-
vious week with previous month yielded p =0.43,
while comparing previous month with six months
gave p =0.06.

We found that a cut-off point between 2 and 3 on
the VDS questions gave a reasonable balance of
prediction; the sensitivity and specificity of VDS-
depression (detecting mean scores >1.8 on CES-D)
were 77% and 77% with positive and negative
predictive values of 51% and 91%. For the VDS-
anxiety (>2.0 on STAI-T), the sensitivity and
specificity were 52% and 87%. The positive and
negative predictive values for anxiety were 64% and
80% respectively (Figure 3).

When applying a minimum criterion of responses
of at least 18 of 20 items we obtained missing rates
of 9% on the CES-D and 7% on the STAI-T
compared to 2% and 3% on the VDS-anxiety and
VDS-depression, respectively (Figure 4). Each item
had an internal missing rate of between 6% and 9%
for the CES-D and between 4% and 9% for the
STAI-T. At the younger ages (20—49 years), the
internal response rate did not differ between the
traditional scales and the single questions. How-
ever, among the oldest individuals (69—-86 years),
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Table I. Characteristics of 3 030 respondents in the five studies.

Age n Mean S.D. Median (25%-75") (Min—Max)
All 3 009 57.9 15.6 60 (45-71)  (20-86)
Men 1120 61.6 15.1 66 (50-73) (20-86)
Women 1 881 55.7 15.5 56 (42-70) (21-86)
Gender No. (%) Employment status No. (%)
Men 1125 (37) Employed 1314 (43)
Women 1895 (63) Retired 1301 (43)
Not indicated 10 (0) Unemployed 70 (2)
Residential region Housewife/husband 44 (1)
Rural 395 (13) On sick leave/retired 173 (6)
Small village/town 623 (21) Other 28 (1)
City (>500,000 inhabitants) 1992 (66) Home with children 10 (0)
Not indicated 20 (1) Student 21 (1)
Marital status Not indicated 69 (2)
Married or living with 2034 (67) Subjects
other partner
Has a partner but lives alone 173 (6) Cystectomized for urinary bladder cancer 224 (7)
Lives alone 619 (20) Radiated for urinary bladder cancer 58 (2)
Single 166 (5) Controls to Cystectomized and Radiated 310 (10)
Not indicated 38 (1) Treated for cervical cancer 256 (8)
Level of education Controls to Treated for cervical cancer 350 (12)
Primary school 1153 (38) Widows of men who died of cancer 379 (13)
Secondary school 2-yrs 634 (21) Controls to widows 220 (7)
Secondary school 3-yrs 420 (14) Parents who have lost a child to cancer 449 (15)
University 668 (22) Controls to parents who have lost a child in cancer 458 (15)
Other 85 (3) Watchful waiting for prostate cancer 160 (5)
Not indicated 70 (2) Radical prostatectomy for prostate cancer 166 (5)
Total 3030

18% failed to respond to the CES-D and 14% to The Cronbach alpha was 0.89 for CES-D and 0.91

the STAI-T compared to 4% each for the VDS- for STAI-T. The founders of the CES-D reported
depression and the VDS-anxiety (Figure 4). Sub- 0.85 for the general population and 0.90 for a
jects in the older age group were mostly from data patient group and founders of the STAI-T reported
collection one (prostate cancer; 17.6%), two (cer- alpha between 0.89 and 0.91 for different sub-
vical cancer; 42.6%) and four (widows; 30.4%). groups.

Table II. Spearman’s correlations between visual digital scales and CES-D or STAI-T in the five data collections.

Spearman’s correlation

Time frame on

Response rate VDS VDS-D/CES-D  VDS-A/STAI-T

Data ®Radical prostatectomy (men) (166/189) 88% 6 months 0.673 0.523
collection 1  Watchful waiting (men) (160/187) 86% 0.691 0.592
Data !Cervix (women) (256/332) 77% 6 months 0.598 0.492
collection 2  Controls (women) (350/489) 72% 0.499 0.441
Data 2Cystectomized Stockholm (m & w) (251*/294) 85% 6 months 0.472 0.498
collection 3 Controls (men and women) (310/434) 71% 0.587 0.539

Irradiated Stockholm (m & w) (58/71) 82% 0.686 0.547
Data 3Widows (women) (379/506) 75% 1 week 0.579 0.504
collection 4 Controls (women) (220/287) 77% 0.592 0.532
Data “Bereaved parents (m & w) (449/561) 80% 1 months 0.616 0.577
collection 5 Controls (men and women) (458/659) 69% 0.554 0.549

*27 patients excluded due to = (3057/4009) 76% 6 months, 0.582 0.493

orthotopic neobladder Total No. 3030/4009 76% 1 months

All respondents and 1 week
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Discussion

A single question measuring depression and anxiety
on a visual-digital scale correlates with the previous
established measures, CES-D for depression and
STAI-T for anxiety. The visual digital scale ques-
tions clearly screen out subjects who do not have
problems related to depression or anxiety. The high
response rate for the visual digital scales further

Sensitivity and Specificity
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Figure 3. Sensitivity and specificity of VDS compared to CES-D
and STAI-T.
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Figure 4. Percentage of missing responders on the traditional
scales and Visual Digital Scales divided in to different age groups.

illustrates validity advantages which may benefit
future research on cancer patients and their relatives
as well as population controls.

Efforts have previously been made to construct
short measures of anxiety and depression. Chochi-
nov and co-workers [14] report promising results of
100% sensitivity and specificity for a single question
“Are you depressed?” in palliative care patients when
using yes/no response categories and a clinical
interview schedule as the golden standard. However,
a replication of the study in the UK found this single
question to have considerably lower validity [15].
Visual-analog scales (e.g. The Edmonton Symptom
Assessment System) are used in the cancer popula-
tion for measurements of pain, anxiety, and depres-
sion and their psychometric properties are being
reported to be quite similar to our findings for the
visual-digital scales [16]. When using the Edmonton
Symptom Assessment System, a detailed measure-
ment of millimeters is required to rate each response
which is time-consuming, especially in research
involving thousands of subjects. In line with this
notion, Ohnhaus and Adler [17] have previously
recommended the use of a seven-point visual-digital
scale rather than a VAS scale because of its ease of
administration and interpretation.

The optimal number of categories on the visual-
digital scale can be debated: seven categories have
been suggested to be an optimal number [18] and we
have chosen that proposal. With the CES-D and
STAI-T as the golden standards, a cut-off point
between 2 and 3 on the VDS questions provides the
best balance between sensitivity and specificity
(Figure 3). Arbitrary categories of low versus mod-
erate and high risk for anxiety and depression have
been set at 1-2 (low), 3—7 (moderate and high), and
our current analyses imply that this may be a
reasonable categorization. Values above this cut-off
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point can be considered to indicate moderate or high
risk of having the symptoms (clinical and sub
clinical) of anxiety or depression. The high negative
predictive value of both VDS-anxiety and VDS-
depression indicates that the instruments are quite
capable of screening for subjects without problems
related to anxiety or depression. However, the low
positive predictive value, especially of VDS-anxiety,
indicates that a more detailed inquiry is needed for a
thorough diagnosis of depression and anxiety dis-
orders. Therefore, in research (and possibly also in
the clinical setting), the visual-digital scales may have
a role as screening instruments for potential anxiety
and depression candidates.

The linear relationship in Figure 1 between the
VDS-depression and the CES-D indicates that
people are likely to be able to assess whether or not
they have problems related to depression. On the
other hand the non-linear curve between VDS-
anxiety and STAI-T indicates that symptoms of
anxiety are harder to identify and self-evaluate
(Figure 2). The weaker correlation between STAI-
T and VDS-anxiety may also be due to the fact that
STAI-T measures the personality trait of anxiety
proneness while VDS-anxiety measures experienced
anxiety during given time periods. However, while
expecting a longer time frame more to simulate
“trait” reports, we do not observe any major
differences in the correlation between VDS-anxiety
and STAI-T in the different time frames used. On
the other hand, correlation between the VDS-
depression and CES-D varies considerably accord-
ing to time frames used for the VDS-depression; a
short time frame of “the last week” gives higher
correlation between VDS-depression and CES-D
than “last six months” or “the last month.”

The five data collections represent a very hetero-
geneous group of people: cancer patients of both
genders in varying stages of their disease, healthy
people as well as relatives of deceased cancer patients
with varying duration of bereavement. Thus, it is
indeed plausible that some subpopulation relate
better or worse to the short visual digital scales. In
order to address this, we investigated if the correla-
tion between the visual digital scales with the
established measures varied between data collections
(Table II). The variation in the non-parametric
correlation between the measures between studies
is moderate and no clear pattern emerges.

The high internal missing rate in the CES-D and
the STAI-T questions, especially in the older popula-
tion, may indicate that respondents get tired answer-
ing all the items, that some items are hard to
understand (as positive or negative) or that certain
items may be perceived as odd or offensive. Authors
of the STAI-T Manual [11] report that some

individuals fail to respond because they do not
understand the content of some items. The differ-
ences in response rates between the CES-D and the
STAI-T cannot be explained by the order in which
the two scales appear in the questionnaire: in two
data collections, the CES-D was placed first (1 and
2) while in the other three it was the other way
around; both orders show higher missing rate in the
CES-D scale (data not shown). In a more detailed
analysis, the statement “I wish that I could be as
happy as everybody else seems to be” has a response
attrition of 9%, which was 3% higher than any other
question in the STAI-T scale. The increase in
response failure in the psychometric scales among
the elderly, as compared to younger subjects, can be a
problem, especially when age is associated with the
outcome of the study. A fruitful approach to over-
come this drawback may be to use the VDS questions
or modify the traditional scales. The internal relia-
bility, measured with Cronbach alpha, is similar to
what the founders of CES-D and STAI-T report.

Theoretically, in epidemiological terms, demands
on an instrument will vary depending on if an entity
is studied as an outcome or considered as a possible
confounder [19]. For a possible confounder, a
sensitivity lower then 1.0 compromises the comple-
teness of a restriction. For an outcome variable, a
sensitivity lower then 1.0 does not influence a
prevalence ratio. For the choice between VDS-A
and STAI-T, for example, considering whether
anxiety is under study as a potential confounder or
an outcome may influence the decision.

The strength of our study is the use of population-
based registers, giving us a total coverage of subjects
in the targeted population and observed period
(study base) thus avoiding selection-induced pro-
blems with validity. However, we can not tell how the
non-response affects the findings. Most of the data
were collected by means of an anonymous question-
naire answered by the respondents themselves — a
situation resembling blinding. A limitation of our
study is the fact that the psychiatric diagnoses of the
respondents are not available to us and cannot be
collected post hoc, since data are given anonymously.
Another limitation is the variety of time frames as well
as subject characteristics; however this can also be
seen as a strength, that the findings are generalisable
to different settings of potential targeted populations.

To sum up, the validity of the visual-digital scales
are confirmed by their correlation with previously
established scales as well as by their superior response
rate. Although more efforts are needed for clinical
diagnoses, the visual-digital scales constitute a
straightforward, simple and clear-cut method for
screening for anxiety and depression among cancer
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patients and members of their family as well as
healthy controls in population-based studies.
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