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Abstract
Purpose It is known that the diagnosis of breast cancer often causes anxiety and depression. Radiotherapy of the breast as
an obligatory part of a breast-conserving treatment concept can markedly increase these psychological symptoms in many,
but not all patients. In this clinical observational study, we aimed at identifying cognitive, health-related and social factors
that may either enhance or reduce the emergence of anxiety and depression.
Methods Using a longitudinal study design with 25 women (mean age: 52.9 years; SD= 10.6; age range 29–70 years) with
a first diagnosis of nonmetastatic breast cancer, measures of anxiety, depression, situational emotional states, intelligence,
and aspects of social frameworks were assessed before, during, and after radiotherapy of the breast. At 4 time-points,
standard and self-constructed questionnaires were used to assess the course of anxiety and depressive symptoms across the
radiotherapy intervention.
Results We found that anxiety is highest immediately before the start of radiation therapy, while the anxiety level was
lowest on the day that therapy was completed. Anxiety and depression were enhanced in women with a lifetime history of
chronic diseases at all time points of measurement. Moreover, women with high intelligence and low social support had
stronger symptoms of depression than women with low intelligence and a stable family background at some time points
of measurement. The degree of anxiety was neither related to intelligence nor to social support.
Conclusion For the first time, we demonstrate empirical pilot data on cognitive and social modulators of anxiety and
depression in women with breast cancer over the course of radiotherapy. Our results may help to optimize clinical
procedures and thereby reduce symptoms of anxiety and depression in these patients.
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Introduction

Breast cancer is the most common type of cancer and a lead-
ing cause of cancer death in women [1]. The median age at
diagnosis is 62 years but 18% of the women are ≤49 years
old [2]. Every eighth woman will develop breast cancer in
the course of her life; thus the treatment of breast cancer is
a burden for numerous women.

It is known that the diagnosis of breast cancer often
causes anxiety and depression. Fear of future becomes
a main problem after diagnosis and during the treatment
of breast cancer [3, 4]. Tsaras et al. reported prevalences
of depression and anxiety of 38.2% and 32.2% in breast
cancer patients [5]. In a study performed by Civilotti et al.,
even 52.1% of patients affected by breast cancer showed
anxiety symptoms [4]. The levels of anxiety and depression
frequently increase due to the expectation of progression
of the disease, pain, and suffering from cancer treatment
[4]. It has been shown that depression or other emotional
distress like stressful life experiences may exert negative
effects on cancer mortality and also cancer survival [6].

Breast cancer treatment is mostly based on three pil-
lars: surgery, radiotherapy and systemic treatment like
chemotherapy, immunotherapy and/or hormonal treatment.
Radiotherapy of the breast is an obligatory part of a breast-
conserving treatment concept and can lead to a significant
improvement in locoregional control, breast cancer-spe-
cific survival, and, in long-term follow-up, also in overall
survival [7]. Despite the always better and increasingly
gentle techniques [8], breast cancer radiotherapy influences
aspects of quality of life such as physical well-being [9,
10]. Furthermore, despite the very positive influence on the
prognosis or cure, radiotherapy of the breast may lead to
a substantial increase of anxiety and depression. Stiegelis
et al. showed that 21–54% of patients develop feelings
of anxiety and 12–31% develop symptoms of depression
during the course of radiotherapy [11]. Lewis et al. found
that anxiety, recorded using visual analogue scales (VAS),
may be highest at the beginning of the radiotherapy, es-
pecially in the radiotherapy simulation phase and the first
radiotherapy sessions. Afterwards, it drops off significantly
[12]. Based on these findings, Lewis et al. proposed that
the availability of appropriate information for the patient
before starting radiotherapy can reduce anxiety [13].

Furthermore, it has been shown that demographic and
health-related factors may modulate the emergence and
severity of anxiety and depression after a diagnosis of
breast cancer. For example, Tsaras et al. conducted a de-
scriptive study including patients who were treated with
different oncological therapies before and who had there-
after regular follow-up’s. [5]. The authors showed that the
place of residence, religion and current activity-symptoms
burden were significant predictors of anxiety and also

depression [5]. To date, it is unknown whether other de-
mographic, health-related, and personal as well as further
cognitive factors exist that also contribute to the devel-
opment of symptoms of anxiety and/or depression during
radiotherapy.

In the present clinical observational study we aimed at
investigating cognitive and demographic factors that may
either enhance or reduce the emergence of anxiety and
depression before, during, an immediately after radiation
therapy. In particular, we were interested in the role of the
patients’ level of intelligence, facets of their life history,
and their support from family members. We expected that
patients with higher levels of intelligence would show lower
anxiety and depression in the course of radiotherapy than
patients with low levels of intelligence. Moreover, we hy-
pothesized that several forms of social support would gen-
erally reduce symptoms of anxiety and depression in the
patients.

Methods

Participants

In all, 25 women who underwent adjuvant breast cancer
radiotherapy between October 2018 and March 2019 in the
Department of Radiation Oncology, Helios University Hos-
pital Wuppertal, Witten/Herdecke University participated
in the clinical observational study. Patients were between
29 and 70 years of age (mean age= 52.91 years, stan-
dard deviation [SD]=± 10.61). All patients received breast-
conserving surgery: N= 2 patients had postoperative UICC
(Union for International Cancer Control, 8th edition 2018)
tumor stage 0 (in situ Ca); N= 16 patients had stage I,
N= 5 patients had stage II, and N= 2 patients had stage III.
Radiotherapy was performed hypofractionated (whole dose
40.05Gy, single dose 2.67Gy, 5 times a week) if the target
volume covered the breast only (N= 18) and normofrac-
tionated (whole dose 50.4Gy, single dose 1.8Gy, 5 times
a week) if the target volumes covered the breast and addi-
tionally the lymphatic pathways (N= 7). An additional boost
to the tumor bed (median 10Gy; single dose 2Gy daily) was
given in 16 patients. Due to ethical considerations, a con-
trol group of patients with breast cancer who had the same
testing procedure, but did not receive radiation therapy was
not included in the study. Each patient gave written in-
formed consent before study participation. The study is in
accordance with the current version of the Declaration of
Helsinki of the World Medical Association. It was approved
by the Ethics Committee of Witten/Herdecke University. In-
clusion criteria were first diagnosis of locoregional breast
cancer (ICD-10; C 50.–), age ≥18 years, normal or cor-
rected to normal vision, and good knowledge of the Ger-
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Table 1 Demographic characteristics of the patients (N= 25) and
frequency distribution of personal status, children, and professions in
the study patients

N

Personal status

Married 17

Partnership 4

Divorced/widowed 2

Single 2

Children

Infant age 2

Adolescence 8

Adulthood 10

No children 5

Profession

Salesperson in a bakery shop 1

Banker 1

Nurse for the elderly 1

Housewife 3

Clerk 2

Electronic data processor 1

Secretary 1

Dentist 1

Retiree 1

man language. Exclusion criteria were age <18 years, se-
vere medical (e.g., dementia, diabetes, chronic inflamma-
tion) and/or psychiatric diseases (e.g., psychosis, personal-
ity disorders), and insufficient knowledge of the German
language.

Intelligence quotient (IQ) ranged from 80–130, with
a mean IQ of 101.28 (SD= 14.23).

Demographic characteristics of the sample are summa-
rized in Table 1.

Testing instruments

Sociodemographic data were acquired from each patient
by a self-constructed questionnaire targeting information
on family, cultural background, and chronic diseases (Sup-
plemental information, appendix A1). Anxiety and depres-
sion were assessed with several psychological question-
naires covering distinct dimensions of health-related and
situational changes of emotional states. For the differential
assessment of state and trait anxiety, the State–Trait Anxi-
ety Inventory (STAI, [14]) was applied. The questionnaire
allows for separate measures of state anxiety that may vary
across time and trait anxiety, which is assumed to repre-
sent a rather stable personality trait. Symptoms of depres-
sion were assessed with the Beck Depression Inventory-Fast
Screen (BDI-FS [15]). The BDI-FS addresses symptoms of
depression during the last two weeks. The questionnaire
does not allow for a clinical diagnosis of major depression.

Rather, it gives information on current and possibly vary-
ing symptoms of depression, including suicidal thoughts.
Furthermore, the Hamilton Anxiety and Depression Scale
(HADS-D, [16]) was used for additional combined mea-
sures of both anxiety and depression. The questionnaire
refers to symptoms of anxiety and depression during the
last week. It includes fourteen items, with seven addressing
depression and seven addressing anxiety such that separate
scores can be calculated for each target emotional state.
The HADS-D does not allow for a clinical diagnosis of
either major depression or anxiety disorders. To measure
rapid changing situational states of affect, the Visual Ana-
logue Emotion Scales (VAMS, [17]) were used. The VAMS
addresses eight situational affective states (anxiety, discom-
fort, sadness, anger, drive, tiredness, happiness, strain) and
is particularly suitable to assess situational and daily emo-
tions that may change rapidly across time. Target emotions
are presented visually by emoticons and verbally by the
respective emotional adjective. Patients indicate on a line
drawn from neutral to the target emotion how intense they
feel each affective state of interest. The VAMS does not
allow for a clinical diagnosis of any emotional disorders.
The level of general intelligence was measured with the
Mehrfachwahl-Wortschatz test (MWT, [18]). The MWT re-
quires the discrimination between real words and pseudo-
words, with ascending difficulty across items. It mainly
gives information on the verbal IQ. However, successful
accomplishment of the most difficult MWT items also de-
pends on cognitive capacities (e.g., reasoning, monitoring,
memory) that are rather independent of verbal abilities.

Study protocol

We accomplished a pilot clinical observational study with
a longitudinal design. At 4 time points (T1–T4), standard
and self-constructed questionnaires were applied to assess
the course of anxiety and depressive symptoms from di-
agnosis until the end of radiation therapy. T1 took place
immediately before the initial interview (preradiotherapy
informative talk and informed consent) with the attending
physician. Patients were informed about the study using
a cover story to prevent a bias of questionnaire data due
to assumptions of social desirability or to the individual
demands of each patient’s self-perception. The cover story
instructed patients that they are asked to participate in the
routine quality management of the clinic, which aims at
maximizing the patients’ satisfaction during treatment. Af-
ter written informed consent was obtained, patients com-
pleted the VAMS to screen their situational affective state.
T2 took place after the initial interview, which typically
lasts 60min. At T2 patients completed the VAMS, STAI,
HADS, BDI, MWT, and the self-constructed questionnaire.
T3 took place immediately before the start of radiother-
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Table 2 Overview of time points of measurement (T1–T4) and the questionnaires and testing instruments applied at each single time point of
measurement

Time points of measurementa

T1 T2 T3 T4

Timing Before the initial
interview

After the initial interview Before the first radiotherapy ses-
sion

After the last radiotherapy
session

Information,
questionnaires,
tests

Informed con-
sent, cover story,
VAMS

VAMS, HADS, BDI-FS,
STAI, MWT-B, Self-con-
structed questionnaire

VAMS, HADS, BDI-FS STAI
State, STAI Trait, Self-constructed
questionnaire

VAMS, HADS, BDI-FS,
STAI, Self-constructed
questionnaire

aThe time frame of T1–T4 is described in detail in the text

apy, 7–35 days after the initial interview (mean duration
of the time interval between the initial interview and the
beginning of radiation therapy: 20.4 days; SD= 6.9). Ex-
cept the measure of intelligence, which should be stable
and not affected by radiotherapy all questionnaires applied
at T2 were completed again at T3 (mean duration of the
time interval between T3 and T4: 29.9 days; SD= 14.7).
After the last radiotherapy session (T4), patients completed
the same questionnaires which were used at T3. In total,
mean duration of study procedures (T1–T4) was 53.6 days
(SD= 13.2 days). After T4, the cover story was disclosed,
and the patients were informed in detail about the real aims
of the study. Afterwards, patients could withdraw their in-
formed consent for participation in the study that they had
given on the basis of the cover story. None of the patients
made use of this option. Table 2 gives and summarizes the
time points of measurement of the study protocol and the
questionnaires applied at each time point.

Statistical analysis

A Kolmogorov–Smirnov test revealed that the data were not
normally distributed. Therefore, nonparametric statistical
tests were applied. Spearman correlations were calculated
to detect putative interrelationships between intelligence
and social support with the patients’ symptoms of anxi-
ety and depression. For comparisons between subgroups of
the sample, the Mann–Whitney test was applied. Correla-
tions and comparisons were calculated for each test and

Table 3 Depression and anxiety in the study patients across T1–T4

T1 T2 T3 T4

Mean SD Mean SD Mean SD Mean SD

Anxiety HADS – – 6.24 3.79 6.36 4.00 5.44 4.23

Anxiety STAI State – – 39.16 11.81 43.60 12.73 37.40 10.70

Anxiety STAI Trait – – 38.08 10.53 38.84 12.15 40.32 11.38

Anxiety VAMS 19.64 32.95 16.56 20.47 27.68 30.46 14.80 23.36

Depression HADS – – 4.20 4.12 4.64 4.20 4.52 4.57

Depression BDI – – 1.16 1.41 1.32 1.60 1.68 2.43

Mean HADS, STAI, VAMS, and BDI scores and SD for each time point of measurement (T1–T4). HADS and STAI measures were only taken
from T2–T3
SD standard deviation

time point of measurement. Moreover, sum scores of anx-
iety and depression were calculated to gain overall results
across the weeks of investigations. The sum score of anx-
iety included the state and trait subscales of the STAI, the
HADS anxiety subscale, and the VAMS anxiety subscale
across T1 to T4. The sum score of depression included the
BDI-FS and the HADS depression subscale across T1 to
T4. Based on 3 items of the self-constructed questionnaire
(“I have informed myself about the disease from acquain-
tances/friends/family”, “I have informed myself extensively
about my disease on the internet”, “I am well acquainted
with the subject matter of my disease due to my profes-
sion”), a sum score of “knowledge of the disease” was also
calculated to assess a putative influence of the patients’ in-
formation on breast cancer an radiotherapy on their symp-
toms of anxiety and depression. Due to the use of nonpara-
metric statistical tests and the pilot character of the study,
statistical results were not corrected for multiple compar-
isons.

Results

Descriptive results

The patients’ mean IQ was 101.28 (SD= 14.23; range
80–130). The anxiety VAMS scores depict the course of
situational anxiety across all 4 time points of measurement.
It shows that after the first interview the mean anxiety
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Fig. 1 a The effect of lifetime incidence of illness on anxiety—relationship between the incidence of illness and anxiety. The x-axis indicates the
number of years of lifetime incidence of any severe illness. The y-axis indicates the sum scores of anxiety derived from all anxiety questionnaires
across all time points of measurement (T1–T4). Higher sum scores indicate higher levels of anxiety. b The effect of lifetime incidence of illness
on depression—relationship between the incidence of illness and depression. The x-axis indicates the number of years of lifetime incidence of any
severe illness. The y-axis indicates the sum scores of depression derived from all depression questionnaires across all time points of measurement
(T1–T4). Higher sum scores indicate higher levels of depression

score decreased from 19.64 (T1) to 16.56 (T2). Immedi-
ately before the start of radiation (T3), the anxiety score
is highest (27.68). After the end of radiation (T4; recorded
directly after the last fraction and the final interview), the
anxiety score is the lowest (14.8). Mean scores and SD
in each applied anxiety and depression questionnaires for
each time point of measurement (N= 25) are summarized
in Table 3.

Relationship of demographic data andmeasures of
anxiety and depression

There was a single significant positive correlation of age
and the VAMS anxiety scale at T1 (r= 0.474, p= 0.026).
Correlations of age and sum scores of anxiety were not sig-
nificant. There was not any significant correlation between
age and depression.

Patients who were married or lived in a stable partner-
ship (N= 21) had significantly lower scores of anxiety and
depression at single time points of measurement than pa-
tients who were divorced or lived alone (N= 4). At T4,
scores in the HADS anxiety subscale were significantly
lower in patients who were married or lived in a stable
partnership than in patients who were divorced or lived
alone (r= –2.01, p= 0.044). At T2, there were nonsignifi-
cant tendencies towards the same direction for the HADS
anxiety subscale (r= –1.79, p= 0.073), the VAMS anxiety
subscale (r= –1.73, p= 0.084), and the HADS depression
subscale (r= –1.95, p= 0.052). The existence of one’s own
children in any age had no significant influence on anxiety
and depression of the patients.

Likewise, there were no significant effects of religious-
ness.

Relationship of health-related data andmeasures of
anxiety and depression

There were significant positive correlations between the
incidence of illness in the course of the patients’ life (item
of the self-constructed questionnaire) and sum scores of
anxiety (r= 0.607, p= 0.001) and depression (r= 0.587,
p= 0.002) across all time points of measurement. Correla-
tions are illustrated in Fig. 1. Except T1, similar positive
correlations were detected in calculations of single scores
in testing instruments for each time point of measurement.
The sum score of “knowledge of the disease” did not have
any significant effect on anxiety and depression. Likewise,
prior experiences with severe diseases in the social environ-
ment did not significantly influence symptoms of anxiety
and depression in the patients.

Fig. 2 Relationship between intelligence quotient (IQ) and depression.
The x-axis indicates IQ levels. The y-axis indicates the sum scores
of depression derived from depression questionnaires across all time
points of measurement (T1–T4). Higher sum scores indicate higher
levels of depression

K



Strahlenther Onkol (2022) 198:388–396 393

Relationship of intelligence andmeasures of anxiety
and depression

There was no significant relationship between sum scores
of anxiety measures across T1–T4 (sum of STAI, HADS,
and VAMS scores of anxiety) and IQ (r= –0.155, p= 0.461).
Likewise, correlations between single measures of anxiety
at each time point of measurement and IQ were non-
significant. There was a significant negative correlation
(r= –0.403, p= 0.045) between IQ and sum scores of de-
pression measures (sum of BDI-FS and HADS scores of
depression). The correlation is illustrated in Fig. 2. More-
over, there were significant negative correlations of IQ and
scores on both the HADS depression subscale (r= –0.412,
p= 0.041) and BDI-FS (r= –0.439, p= 0.028) at T3. At T4
there was also a significant correlation of IQ and scores on
the HADS depression subscale (r= –0.418, p= 0.038), but
not scores on the BDI-FS.

Discussion

In this pilot clinical observational study we aimed at identi-
fying intelligence-related, health-related, and demographic
factors or modulators that may either enhance or reduce
the emergence of anxiety and depression in women with
breast cancer in the course of radiation therapy. We found
that patients had higher levels of anxiety before the initial
consultation with the physician than afterwards. Anxiety
was strongest immediately before the first radiation treat-
ment. Anxiety and depression were enhanced in women
with a lifetime history of chronic diseases. Women with
high intelligence and low social support had stronger symp-
toms of anxiety than women with low intelligence and a sta-
ble family background. Patients who were married or lived
in a stable partnership had significantly lower scores of anx-
iety and depression at single time points of measurement
than patients who were divorced or lived alone. In contrast,
the degree of depression was neither related to intelligence
nor to social support. Overall, the level of depression was
low across patients. To our knowledge, we for the first time
present data on emotional stages of patients with breast can-
cer during radiation therapy. We propose that results of our
study may help to reduce symptoms of anxiety and depres-
sion in patients with breast cancer by the implementation of
individually optimum clinical procedures for each patient.

Changes of anxiety across radiation therapy

We saw that patients had higher levels of anxiety before the
initial consultation with the physician than afterwards (ac-
cording to VAMS scores). This underlines the value of the
first interview and, in our view, indicates that empathy of

the interviewing physician is important. It has been reported
for other clinical contexts that empathy is an important fac-
tor and has a considerable potential to reduce the patient’s
anxiety in the context of a disease [19–21]. Anxiety was
strongest immediately before the first radiation treatment.
From our point of view a further clinically relevant con-
clusion can be derived from this finding. In addition to the
initial interview an empathetic approach by the physician
and other members of the radiation team immediately be-
fore the first radiation treatment may have a beneficial influ-
ence on the patient’s initial fears. This empathetic approach
needs to be adapted individually for each patient. It must be
noted here that the variance of our VAMS data at each of
the four time points of measurement is relatively large and
that our findings need to be corroborated in future studies.
Nonetheless, we suppose that our results may give guidance
to physicians and the radiation team for the optimization of
communication and interaction with the patients.

Intelligence

Previous data on cognitive factors influencing anxiety and
depression in patients with breast cancer are rare. More-
over, available data focusing this issue are inconsistent.
Some data indicate a positive correlation between the de-
gree of intelligence and the degree of anxiety and depres-
sion. In particular, intelligence has been proposed to exert
a significant influence on symptoms of generalized anxiety
disorder and symptoms of depression. Coplan et al. found
that anxiety and intelligence were positively correlated in
patients with a generalized anxiety disorder, together with
an inverse relationship between anxiety and intelligence in
healthy subjects [22]. Results of a previous study support
these data by demonstrating positive correlations between
a high degree of worry in patients with generalized anxi-
ety disorder with intelligence [23]. Moreover, Penney et al.
found positive correlations between generalized anxiety dis-
order and verbal intelligence [24]. Results of our study on
women with breast cancer contradict these previous findings
in that they show a significant negative correlation between
intelligence and depression and not any significant relation-
ship between intelligence and anxiety. This divergence of
data could be explained at least in part by the investigation
of samples with distinct primary diseases. The authors who
reported positive correlations between intelligence, anxiety,
and depression partly investigated patients with generalized
anxiety disorder or also healthy volunteers [23, 24]. In con-
trast, we assessed oncological patients, whose symptoms of
anxiety and depression depended on the oncological diag-
nosis. It is likely that patients with high intelligence aim at
understanding their illness and their chance of survival more
deeply (e.g., using the internet and scientific publications)
than patients with low intelligence. As a result, detailed
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negative information on their medical situation may lead to
enhanced depressive symptoms. It needs to be further in-
vestigated why we did not also find a negative correlation
between high intelligence and anxiety in our study patients.
Previous data on this issue are rare and inconsistent. Tsaras
et al. reported that women with breast cancer who have
lower education were more likely to experience anxiety and
depression symptoms [5]. A study analyzing the course of
anxiety and depression in breast cancer and gynecological
cancer patients by Schwarz et al. showed that higher edu-
cation was associated with higher levels of anxiety at the
beginning of treatment [25]. After a few months, the more
educated patients showed lower anxiety levels compared to
the patients with lower educational levels. The authors ar-
gue that this change may be due to a greater ability of higher
educated patients to adapt to the disease situation [25]. Note
that none of these previous studies related the educational
level to the level of intelligence. To our knowledge, no pre-
vious data that specifically address issues concerning in-
telligence, depression, and anxiety in patients with breast
cancer have been published. It thus needs to be further in-
vestigated whether there may exist a general relationship
between high intelligence and the risk of depression and/or
anxiety in patients with breast cancer. Future studies have
to take into consideration that modulating factors besides
intelligence may contribute to the inconsistent pattern of
published data concerning this issue [26–28].

Social factors

We found that women with low social support had stronger
symptoms of anxiety than women with a stable family back-
ground. Patients who were married or lived in a stable part-
nership had significantly lower scores of anxiety and de-
pression at single time points of measurement than patients
who were divorced or lived alone. This finding corrobo-
rates results of previous studies. The phenomenon is well-
known and has already been shown by several working
groups [29–32]. Puigpinós-Riera et al. performed a cohort
study including 1086 women diagnosed with breast cancer
and found that low emotional support and social isolation
were risk factors for having more anxiety and depression
[31]. In our study, social support decreased anxiety, but
not depression. It is reasonable to assume that anxiety is
influenced to a greater extent and is more sensitive than
depression, regarding social support and related feelings of
safety. In contrast, depression is likely to evolve slower and
rather independent of social support and interaction than
does anxiety [33, 34]. This could also be one reason why
we found low levels of depression in women shortly after
the first diagnosis of breast cancer.

Overall, there is strong evidence that social support is
beneficial for the development of successful coping strate-

gies in patients with a diagnosis of breast cancer. To our
knowledge, data that differentiate between social support
by private dimensions such as family and dimensions of
profession such a successful career in distinct kinds of pro-
fession are currently unavailable.

Health-related factors

Moreover, our data show that both anxiety and depression
were enhanced in women with a lifetime history of chronic
diseases. These findings are supported by the work of In-
hestern et al. who found that a better health status was
significantly associated with lower depression and anxiety
in cancer survivors [35]. Furthermore, Krauss et al. inves-
tigated 485 tumor patients using a structured clinical inter-
view and found that lower physical functioning may pre-
dispose to anxiety disorders [36]. In our study, a lifetime
history of chronic diseases affected not only anxiety, but
also depression. However, in this context it is important to
note that levels of depression were unexpectedly low in our
patient group. Given the severity of the disease we assumed
that depression would be more virulent after diagnosis and
during radiotherapy. Based on our data, we therefore need
to take into consideration that the degree of depression can
be modulated by health-related and other factors (e.g., de-
mographic and social data) besides the breast cancer di-
agnosis itself. Thus, the coping strategies, dimensions of
private support, and/or professional situations that may pre-
vent women with breast cancer from becoming depressed
need further investigation.

Limitations of the study

The lack of significance of some correlational relationships
in our study is possibly due to the pilot character of the
study with a rather small sample size. Because data were
not normally distributed, parametric statistical tests could
not be performed. Moreover, standard deviations in HADS
and STAI data are high (Table 3). Given the small number
of patients, we accordingly see some scatter in the anxiety
scores in the HADS and STAI in the cohort caused by few
outliers (Fig. 1 and 2). Overall, however, the data of this
clinical observational study are congruent. Results need to
be scrutinized by controlled clinical trials. Due to ethical
reasons, the option of including a control group of patients
with breast cancer in clinical trials is admittedly impossible
or at least limited.

Conclusion

For the first time, we provide empirical data on cognitive
and social modulators of anxiety and depression in a sam-
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ple of women with breast cancer during radiation therapy.
In general, a patient-focused and empathic first interview
seems to be of particular importance to diminish anxi-
ety during the course of radiation therapy. Furthermore,
to cope with anxiety, the patients need to be approached
in a particular individually adapted and empathetic manner
immediately before the first irradiation. At this time, un-
derstandably, anxiety is at its highest level. Furthermore,
our data suggest that medical anamnesis of patients with
breast cancer who will be treated with radiotherapy should
include details of the individual social situation, measures
of intelligence, and further cognitive capacities. We propose
that detailed knowledge of the patients’ social background
and cognitive characteristics may help physicians and med-
ical-technical assistants to individually adjust and optimize
modalities of information on radiotherapy and the interac-
tion with patients during the weeks of treatment. Among
other things, women who live alone seem to need more
support and encouragement from clinical staff. The recom-
mended offer of psycho-oncological support can be partic-
ularly beneficial for these patients. With respect to cogni-
tion, our results only demonstrate that the level of intelli-
gence may modulate the degree of anxiety and depression
in patients with breast cancer. However, it is likely that
other neuropsychological domains such as executive func-
tions and social cognition may also act as modulators of
emotional distress during the course of radiotherapy. Fu-
ture studies that address the interaction between different
cognitive functions and facets of social background for the
emergence of anxiety and depression in patients with breast
cancer undergoing radiotherapy are needed. We expect that
our results may help to improve clinical procedures of treat-
ment in these vulnerable patient group to minimize symp-
toms of anxiety and depression.

Supplementary Information The online version of this article (https://
doi.org/10.1007/s00066-022-01904-7) contains supplementary mate-
rial, which is available to authorized users.

Acknowledgements The authors thank Ms. Anja Erler (senior medi-
cal technologist) and the team of medical technologists of the Depart-
ment of Radiation Oncology for their support in generating the data.

Funding There was no funding of the research.

Author Contribution M.D. Piroth and M. Piefke developed the study
idea and design, conducted the study, performed the data analyses and
drafted the manuscript. S. Draia and J. Abu Jawad made substantial
contributions to acquisition of data and interpretation of data and crit-
ically revised the manuscript. All of the authors read and approved the
final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Conflict of interest M.D. Piroth, S. Draia, J.A. Jawad and M. Piefke
declare that they have no competing interests.

Ethical standards Each patient gave written informed consent before
study participation. The study is in accordance with the current version
of the Declaration of Helsinki of the World Medical Association. It
was approved by the Ethics Committee of Witten/Herdecke University.
Consent to participate: Not applicable. Consent for publication: Not
applicable

Open Access This article is licensed under a Creative Commons At-
tribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view
a copy of this licence, visit http://creativecommons.org/licenses/by/4.
0/.

References

1. Mattiuzzi C, Lippi G (2019) Current cancer epidemiology. J Epi-
demiol Glob Health 9(4):217–222. https://doi.org/10.2991/jegh.k.
191008.001

2. DeSantis CE, Ma J, Gaudet MM et al (2019) Breast cancer statis-
tics, 2019. CA Cancer J Clin 69(6):438–451. https://doi.org/10.
3322/caac.21583

3. Loeffler S, Poehlmann K, Hornemann B (2018) Finding meaning
in suffering?-Meaning making and psychological adjustment over
the course of a breast cancer disease. Eur J Cancer Care (Engl)
27(3):e12841. https://doi.org/10.1111/ecc.12841

4. Civilotti C, Acquadro Maran D, Santagata F et al (2020) The use
of the distress thermometer and the hospital anxiety and depres-
sion scale for screening of anxiety and depression in Italian women
newly diagnosed with breast cancer. Support Care Cancer. https://
doi.org/10.1007/s00520-020-05343-x

5. Tsaras K, Papathanasiou IV, Mitsi D et al (2018) Assessment of
depression and anxiety in breast cancer patients: prevalence and as-
sociated factors. Asian Pac J Cancer Prev 19(6):1661–1669. https://
doi.org/10.22034/APJCP.2018.19.6.1661

6. Chida Y, Hamer M, Wardle J et al (2008) Do stress-related
psychosocial factors contribute to cancer incidence and sur-
vival? Nat Clin Pract Oncol 5(8):466–475. https://doi.org/10.1038/
ncponc1134

7. Early Breast Cancer Trialists’ Collaborative Group, Darby S, Mc-
Gale P et al (2011) Effect of radiotherapy after breast-conserv-
ing surgery on 10-year recurrence and 15-year breast cancer death:
meta-analysis of individual patient data for 10,801 women in 17
randomised trials. Lancet 378(9804):1707–1716. https://doi.org/10.
1016/S0140-6736(11)61629-2

8. Duma MN, Baumann R, Budach W et al (2019) Heart-sparing ra-
diotherapy techniques in breast cancer patients: a recommendation
of the breast cancer expert panel of the German society of radiation
oncology (DEGRO). Strahlenther Onkol 195(10):861–871. https://
doi.org/10.1007/s00066-019-01495-w

9. Hauth F, De-Colle C, Weidner N et al (2021) Quality of life
and fatigue before and after radiotherapy in breast cancer pa-

K

https://doi.org/10.1007/s00066-022-01904-7
https://doi.org/10.1007/s00066-022-01904-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2991/jegh.k.191008.001
https://doi.org/10.2991/jegh.k.191008.001
https://doi.org/10.3322/caac.21583
https://doi.org/10.3322/caac.21583
https://doi.org/10.1111/ecc.12841
https://doi.org/10.1007/s00520-020-05343-x
https://doi.org/10.1007/s00520-020-05343-x
https://doi.org/10.22034/APJCP.2018.19.6.1661
https://doi.org/10.22034/APJCP.2018.19.6.1661
https://doi.org/10.1038/ncponc1134
https://doi.org/10.1038/ncponc1134
https://doi.org/10.1016/S0140-6736(11)61629-2
https://doi.org/10.1016/S0140-6736(11)61629-2
https://doi.org/10.1007/s00066-019-01495-w
https://doi.org/10.1007/s00066-019-01495-w


396 Strahlenther Onkol (2022) 198:388–396

tients. Strahlenther Onkol 197(4):281–287. https://doi.org/10.1007/
s00066-020-01700-1

10. Haussmann J, Nestle-Kraemling C, Bolke E et al (2020) Long-term
quality of life after preoperative radiochemotherapy in patients with
localized and locally advanced breast cancer. Strahlenther Onkol
196(4):386–397. https://doi.org/10.1007/s00066-019-01557-z

11. Stiegelis HE, Ranchor AV, Sanderman R (2004) Psychological
functioning in cancer patients treated with radiotherapy. Pa-
tient Educ Couns 52(2):131–141. https://doi.org/10.1016/s0738-
3991(03)00021-1

12. Lewis F, Merckaert I, Lienard A et al (2014) Anxiety and its time
courses during radiotherapy for non-metastatic breast cancer: a lon-
gitudinal study. Radiother Oncol 111(2):276–280. https://doi.org/
10.1016/j.radonc.2014.03.016

13. Lewis F, Merckaert I, Lienard A et al (2015) Anxiety at the first
radiotherapy session for non-metastatic breast cancer: key com-
munication and communication-related predictors. Radiother On-
col 114(1):35–41. https://doi.org/10.1016/j.radonc.2014.07.017

14. Laux L, Glanzmann P, Schaffner P, Spielberger CD (1981) Das
State-Trait-Angstinventar (Testmappe mit Handanweisung, Frage-
bogen STAI-G Form X 1 und Fragebogen STAI-G Form X 2).
Beltz, Weinheim

15. Beck AT, Steer RA, Brown GK (1996) Manual for the Beck depres-
sion inventory-II. Psychological Corporation, San Antonio

16. Herrmann C, Buss U, Snaith RP (1995) HADS-D: Hospital Anx-
iety and Depression Scale-Deutsche Version; Ein Fragebogen zur
Erfassung von Angst und Depressivität in der somatischen Medi-
zin. Huber, Bern

17. Stern RA (1996) Assessment of mood states in neurodegenera-
tive disease: methodological issues and diagnostic recommenda-
tions. Semin Clin Neuropsychiatry 1(4):315–324. https://doi.org/
10.1053/SCNP00100315

18. Lehrl S (1999) Mehrfachwahl-Wortschatz-Intelligenztest. MWT-B,
4th edn. Spitta-Verlag, Balingen

19. van Dulmen S, van den Brink-Muinen A (2004) Patients’ prefer-
ences and experiences in handling emotions: a study on communi-
cation sequences in primary care medical visits. Patient Educ Couns
55(1):149–152. https://doi.org/10.1016/s0738-3991(04)00300-3

20. Derksen F, Bensing J, Lagro-Janssen A (2013) Effectiveness of
empathy in general practice: a systematic review. Br J Gen Pract
63(606):e76–84. https://doi.org/10.3399/bjgp13X660814

21. Weiss R, Vittinghoff E, Fang MC et al (2017) Associations of
physician empathy with patient anxiety and ratings of communica-
tion in hospital admission encounters. J Hosp Med 12(10):805–810.
https://doi.org/10.12788/jhm.2828

22. Coplan JD, Hodulik S, Mathew SJ et al (2011) The relationship
between intelligence and anxiety: an association with subcortical
white matter metabolism. Front Evol Neurosci 3:8. https://doi.org/
10.3389/fnevo.2011.00008

23. Coplan JD, Mathew SJ, Mao X et al (2006) Decreased choline and
creatine concentrations in centrum semiovale in patients with gen-
eralized anxiety disorder: relationship to IQ and early trauma. Psy-
chiatry Res 147(1):27–39. https://doi.org/10.1016/j.pscychresns.
2005.12.011

24. Penney AM, Miedema VC, Mazmanian D (2015) Intelligence and
emotional disorders: is the worrying and ruminating mind a more
intelligent mind? Pers Individ Dif 74:4

25. Schwarz R, Krauss O, Hockel M et al (2008) The course of anxiety
and depression in patients with breast cancer and gynaecological
cancer. Breast Care (Basel) 3(6):417–422. https://doi.org/10.1159/
000177654

26. Dehn LB, Piefke M, Toepper M et al (2020) Cognitive training in an
everyday-like virtual reality enhances visual-spatial memory capac-
ities in stroke survivors with visual field defects. Top Stroke Rehabil
27(6):442–452. https://doi.org/10.1080/10749357.2020.1716531

27. Dehn L, Piefke M, Botsch M, Driessen M, Beblo T (2018) Train-
ing in a comprehensive everyday-like virtual reality environment
compared to computerized cognitive training for patients with de-
pression. Comput Human Behav 79:13

28. Beblo T, Kater L, Baetge S et al (2017) Memory performance of
patients with major depression in an everyday life situation. Psy-
chiatry Res 248:28–34. https://doi.org/10.1016/j.psychres.2016.12.
013

29. Kroenke CH, Kwan ML, Neugut AI et al (2013) Social networks,
social support mechanisms, and quality of life after breast cancer
diagnosis. Breast Cancer Res Treat 139(2):515–527. https://doi.org/
10.1007/s10549-013-2477-2

30. Huang CY, Hsu MC (2013) Social support as a moderator between
depressive symptoms and quality of life outcomes of breast can-
cer survivors. Eur J Oncol Nurs 17(6):767–774. https://doi.org/10.
1016/j.ejon.2013.03.011

31. Puigpinos-Riera R, Graells-Sans A, Serral G et al (2018) Anxiety
and depression in women with breast cancer: Social and clinical
determinants and influence of the social network and social support
(DAMA cohort). Cancer Epidemiol 55:123–129. https://doi.org/10.
1016/j.canep.2018.06.002

32. Escalera C, Santoyo-Olsson J, Stewart AL et al (2019) Social sup-
port as a moderator in the relationship between intrusive thoughts
and anxiety among Spanish-speaking Latinas with breast cancer.
Psychooncology 28(9):1819–1828. https://doi.org/10.1002/pon.
5154

33. Henry A, Tourbah A, Camus G et al (2019) Anxiety and depres-
sion in patients with multiple sclerosis: the mediating effects of
perceived social support. Mult Scler Relat Disord 27:46–51. https://
doi.org/10.1016/j.msard.2018.09.039

34. Ng CG, Mohamed S, See MH et al (2015) Anxiety, depression, per-
ceived social support and quality of life in Malaysian breast cancer
patients: a 1-year prospective study. Health Qual Life Outcomes
13:205. https://doi.org/10.1186/s12955-015-0401-7

35. Inhestern L, Beierlein V, Bultmann JC et al (2017) Anxiety and
depression in working-age cancer survivors: a register-based
study. BMC Cancer 17(1):347. https://doi.org/10.1186/s12885-
017-3347-9

36. Krauß O, Ernst J, Kuchenbecker D et al (2007) Predictors of men-
tal disorders in patients with malignant diseases: empirical results.
Psychother Psychosom Med Psychol 57:273–280

K

https://doi.org/10.1007/s00066-020-01700-1
https://doi.org/10.1007/s00066-020-01700-1
https://doi.org/10.1007/s00066-019-01557-z
https://doi.org/10.1016/s0738-3991(03)00021-1
https://doi.org/10.1016/s0738-3991(03)00021-1
https://doi.org/10.1016/j.radonc.2014.03.016
https://doi.org/10.1016/j.radonc.2014.03.016
https://doi.org/10.1016/j.radonc.2014.07.017
https://doi.org/10.1053/SCNP00100315
https://doi.org/10.1053/SCNP00100315
https://doi.org/10.1016/s0738-3991(04)00300-3
https://doi.org/10.3399/bjgp13X660814
https://doi.org/10.12788/jhm.2828
https://doi.org/10.3389/fnevo.2011.00008
https://doi.org/10.3389/fnevo.2011.00008
https://doi.org/10.1016/j.pscychresns.2005.12.011
https://doi.org/10.1016/j.pscychresns.2005.12.011
https://doi.org/10.1159/000177654
https://doi.org/10.1159/000177654
https://doi.org/10.1080/10749357.2020.1716531
https://doi.org/10.1016/j.psychres.2016.12.013
https://doi.org/10.1016/j.psychres.2016.12.013
https://doi.org/10.1007/s10549-013-2477-2
https://doi.org/10.1007/s10549-013-2477-2
https://doi.org/10.1016/j.ejon.2013.03.011
https://doi.org/10.1016/j.ejon.2013.03.011
https://doi.org/10.1016/j.canep.2018.06.002
https://doi.org/10.1016/j.canep.2018.06.002
https://doi.org/10.1002/pon.5154
https://doi.org/10.1002/pon.5154
https://doi.org/10.1016/j.msard.2018.09.039
https://doi.org/10.1016/j.msard.2018.09.039
https://doi.org/10.1186/s12955-015-0401-7
https://doi.org/10.1186/s12885-017-3347-9
https://doi.org/10.1186/s12885-017-3347-9

	Anxiety and depression in patients with breast cancer undergoing radiotherapy: the role of intelligence, life history, and social support—preliminary results from a monocentric analysis
	Abstract
	Introduction
	Methods
	Participants
	Testing instruments
	Study protocol
	Statistical analysis

	Results
	Descriptive results
	Relationship of demographic data and measures of anxiety and depression
	Relationship of health-related data and measures of anxiety and depression
	Relationship of intelligence and measures of anxiety and depression

	Discussion
	Changes of anxiety across radiation therapy
	Intelligence
	Social factors
	Health-related factors
	Limitations of the study

	Conclusion
	Supplementary Information
	References


