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A B S T R A C T

Objectives: To identify subgroups of psychoneurological symptoms (PNS) and their relationship to different
clinical variables in a sample of women with breast c�ancer (BC) with different type of treatment, and the pos-
sible influence of these on quality of life (QoL), using a factorial principal components analysis.
Data Sources: Observational, cross-sectional, non-probability study (2017�2021) at Badajoz University Hos-
pital (Spain). A total of 239 women with BC receiving treatment were included.
Results: 68% of women presented fatigue, 30% depressive symptoms, 37.5% anxiety, 45% insomnia, and 36%
cognitive impairment. The average score obtained for pain was 28.9. All the symptoms were related between
themselves, and within the cluster of PNS. The factorial analysis showed three subgroups of symptoms,
which accounted for 73% of variance: state and trait anxiety (PNS-1), cognitive impairment, pain and fatigue
(PNS-2), and sleep disorders (PNS-3). The depressive symptoms were explained equally by PNS-1 and PNS-2.
Additionally, two dimensions of QoL were found (functional-physical and cognitive-emotional. These dimen-
sions correlated with the three PNS subgroups found. A relationship was found between chemotherapy treat-
ment and PNS-3, and its negative impact on QoL.
Conclusions: A specific pattern of grouped symptoms in a psychoneurological cluster with different underly-
ing dimensions has been identified which negatively influences QoL of survivors of BC.
Implication for Nursing Practice: It is important to raise awareness among professionals and patients about the
existence of a cluster of PNS, the patient's profile, as well as the factors that exacerbate them. This will allow
them to be treated more effectively and comprehensively.
© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Key Words:

breast neoplasm
quality of life
depressive symptoms
anxiety
cognitive dysfunction
fatigue
insomnia
pain
Departamento de Enfermería,
Espa~na 06006.

Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction

It has been shown that cancer and its treatments produce multiple
symptoms, which are often concurrent.1 These symptoms often do
not occur in isolation, meaning that one symptom can affect the onset
and severity of other symptoms.2 The appearance of these symptom
clusters, compared to only one symptom, seems to worsen patients’
outcomes.3 A symptom cluster has been defined as a group of two or
more concurrent symptoms that occur independently of other clus-
ters, which may or may not share a common aetiology.1,4 Two dis-
tinct clusters were identified in women receiving treatment for
breast cancer (BC): a psychoneurological cluster (depressed mood,
cognitive disturbance, fatigue, insomnia, and pain) and an upper gas-
trointestinal cluster.5

It has been published that several demographic and clinical varia-
bles were predictive of greater intensity of symptoms for each clus-
ter, which would serve to identify patients at higher risk of
experiencing certain groups of intense symptoms during treatment.6

Several studies have related the symptom cluster with age, education
level, employment situation, comorbidity, disease stage, treatment
modality, and trajectory.7

Both symptoms individually and in groups are dynamic, affecting
women with BC at the time of diagnosis, during treatment, and some-
times post-treatment.8�10 Specifically, pain, sleep disturbances,
fatigue, and depressive symptoms may be more severe during che-
motherapy treatment.11
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Kim et al showed that some patient subgroups share the unique
experience of psychoneurological symptoms (PNS). Furthermore,
they found a subgroup of patients with a high depressed mood and
cognitive disturbance, related principally to chemotherapy.12 A
recent study published by our group reported that women undergo-
ing chemotherapy treatment do so with objective and subjective cog-
nitive costs; we found that lower scores in perceived cognitive
impairment determine a worsening of the regional saturation index
(rSO2) and a worse performance in phonological and semantic verbal
fluency tasks.13

Several theories have previously been published to describe the
relationships of factors associated with chemotherapy-related cogni-
tive impairment (CRCI) such as the Theory of Unpleasant Symptoms
(TUS)14 and the Conceptual Model of Chemotherapy-Related Changes
in Cognitive Function.15 It has been proposed that a combination of
the two may provide an improved framework for future research. In
addition to the association between factors such as age, anemia,
fatigue, depression, anxiety, hormone levels, cytokine release, and
genetic makeup, these theories describe how patients have reported
a significant effect on quality of life (QoL).16 Several studies have ana-
lyzed that PNS can have a significant impact on the QoL of women
undergoing treatment.17,18

Identification of symptom clusters, as well as individual symp-
toms, in women with BC, can be beneficial because symptom clusters
have a synergic effect on morbidity, mortality, prognosis, and QoL.3

However, further research is required to determine whether the col-
lective management of the symptoms can be beneficial6 because the
methodology used in the different studies is widely diverse. As Mia-
skowski et al propose, identification of symptom clusters can be per-
formed using de novo methods to identify one or more symptom
clusters, each of which contains two or more symptoms, or a priori
methods in which researchers previously specify the symptom clus-
ter of interest, based mainly on empirical evidence of a relationship
between the symptoms.3 Some studies have previously reported the
existence of a PNS cluster2; we have based our study on this evidence
to analyze the possible existence of subgroups of patients with expe-
riences of similar symptoms.

So et al suggest analyzing separately symptom clusters experi-
enced by patients with BC depending on their treatments, using stan-
dardized instruments to evaluate the symptoms.2 We previously
described the prevalence of some PNS and their relation with other
clinical variables and therapeutic management.8,13,18 In the present
study, we proposed to identify subgroups of PNS and their relation-
ship to different clinical variables in a larger sample of women with
BC with different types of treatment, and the possible influence of
these on QoL, using a factorial principal component analysis (PCA) as
the statistical approach. It is important to be able to identify patients
with the greatest risk of experiencing these PNS subgroups. In this
way, we could reach a higher level of understanding and interpreta-
tion of the clinical status of these women, and so carry out more suit-
able planning of future intervention strategies.3,17

Materials and Methods

Study Population and Setting

We performed an observational, cross-sectional, nonprobability
study between 2017 and 2021 at Badajoz University Hospital (Spain).
Women diagnosed with BC who were receiving oncological treat-
ment were included. Exclusion criteria were being a minor; being
over 85 years; not being a patient of Badajoz University Hospital; not
signing the informed consent; having a neurological or cognitive
impairment that would impede carrying out the assessment; having
previously received treatment for another type of primary cancer;
having a diagnostic record of comorbidity associated with depression,
anxiety, and/or cognitive impairment; having linguistic or
communicative barriers; having a previously diagnosed psychiatric
disorder; and being under psychopharmacological and/or psycho-
therapeutic treatment.

Procedure

Identification of the cases was carried out by the Medical Oncolog-
ical Service of Badajoz University Hospital. Inclusion and exclusion
criteria were then revised, and the programmed activity for each
patient was reviewed with a view to their participation in the study
when they attended the hospital for their next appointment. Once
the informed consent was signed, a trained researcher conducted the
clinical interview, and each participant was given the study question-
naires. All documents were completed face-to-face in the Medical
Oncological Service with a researcher. The time taken to complete
scales ranged from 20 to 30 minutes. Some patients needed the help
of the researcher in charge of passing out the questionnaires.

Permission was obtained from the Ethics in Clinical Investigation
Committee of Badajoz (approval date: 05/07/2018). Confidentiality of
the information was maintained at all times following current legisla-
tion (Spanish Organic Law 3/2018, December 5, on Protection of Per-
sonal Data and Guarantee of Digital Rights).

Instruments and Measures

Interview and clinical history
A clinical interview was used to assess the self-reported sociode-

mographic data and clinical and psychological variables of the
patients. Patients’ clinical histories were used to assess characteristics
of the tumor, pathological anatomy, and therapeutic management
variables.

PNS assessment
Mood measures. The patients were screened for depressive symp-

toms using the Beck Depression Inventory (BDI)19 and for anxiety
using the State-Trait Anxiety Inventory (STAI).20

� The BDI-II, validated to Spanish language,21 assesses the symp-
toms of depression in the individual in the previous 2 weeks. The
standard cut-off score is 14, and the presence and degree of symp-
toms of depression can be detected. Scores of 0 to 13 indicate no
or minimal depression; scores of 14 to 19 indicate mild depres-
sion; scores of 20 to 28 indicate moderate depression; and scores
of 29 to 63 indicate severe depression.

� The STAI, validated to Spanish language,22 includes separate scales
of autoevaluation, which measure two concepts of anxiety: state
anxiety (S/A) and trait anxiety (T/A). Each of the two STAI scales
consists of 20 items: one part of them is written in positive terms,
and the other is written in negative terms. Scores of �21 indicate
mild anxiety (percentile 50); scores of 22 to 31 indicate moderate
anxiety (percentile 75); and scores of 32 to 60 indicate severe anx-
iety (percentile 99).

QoL measurements. The patients completed the European Organi-
zation for the Research and Treatment of Cancer Quality of Life Ques-
tionnaire (EORTC QLQ-C30) (3.0)23 and the QLQ-BR2324

questionnaires, which had been translated into Spanish and validated
for use in Spain.25

� EORTC QLQ-C30 is a 30-item questionnaire assessing function and
symptoms that affect QoL in people with cancer. It is subdivided
into three scales: global health status and QoL (GHS); functional
scales relating to physical functioning (PF), role functioning (RF),
emotional functioning (EF), cognitive functioning (CF), and social
functioning (SF); and symptom scales relating to fatigue (FA), nau-
sea and vomiting (NV), pain (PA), dyspnea (DY), insomnia (SL),
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appetite loss (AP), constipation (CO), diarrhea (DI), and financial
difficulties (FI). A high score for a functional scale represents a
high/healthy level of functioning, a high score for the GHS repre-
sents a high QoL, but a high score for a symptom scale/item repre-
sents a high level of symptomatology/problems. In addition, and
specifically for the purpose of this study, the PA subscale was used
to address pain as a symptom in the sample.

� QLQ-BR23 is a QLQ-C30 supplemental questionnaire created spe-
cifically for people with BC. It consists of 23 questions, which are
subdivided into two scales: the functional scales, composed of
body image (BRBI), sexual functioning (BRSEF), sexual enjoyment
(BRSEE), and future perspective (BRFU), and the symptom scales,
consisting of the subscales systemic therapy side effects (BRST),
breast symptoms (BRBS), arm symptoms (BRAS), and upset by
hair loss (BRHL). The scoring approach for QLQ-BR23 is identical
in principle to that for the function and symptom scales/single
items of QLQ-C30.

Sleep complaints and disturbances measurements. Sleep quality was
evaluated using the Pittsburgh Sleep Quality Index (PSQI),26 and
insomnia was assessed using the Insomnia Severity Index (ISI)27 vali-
dated for use in Spain.28

� The PSQI was designed to measure a 1-month interval. It includes
19 self-rated questions that generate seven component scores:
subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleep medication, and
daytime dysfunction. Component scores (range 0 to 3) are
summed to provide a global sleep quality score (range 0 to 21); a
score >5 indicates poor sleep quality. For the present study, we
used a previously published and validated Spanish version of the
PSQI.

� The ISI is a brief self-report instrument measuring the patient's
perception of their insomnia. It is a reliable and valid instrument
to quantify the perception of insomnia and its severity. The ISI
comprises seven items assessing: (1) the severity of sleep onset
(initial), (2) sleep maintenance (middle), (3) early morning awak-
ening (terminal) problems, (4) satisfaction with current sleep pat-
tern, (5) interference with daily functioning, (6) noticeability of
impairment attributed to the sleep problem, and (7) level of dis-
tress caused by the sleep problem. Each item is rated on a 0 § 4
scale, and the total score ranges from 0 to 28. A higher score
suggests more severe insomnia. The total score is interpreted as
follows: absence of insomnia (0 to 7), sub-threshold insomnia
(8 to 14), moderate insomnia (15 to 21), and severe insomnia
(22 to 28).29

To evaluate fatigue, we used the Fatigue Symptom Inventory
(FSI).30 It is a 14-item self-report measure designed to assess fatigue
severity, fatigue frequency, perceived interference associated with
fatigue, and the daily pattern of fatigue. Severity is measured with
separate 11-point items that assess most, least, and average fatigue in
the past week and fatigue “right now” (ítems 1 to 4). Each of these is
scored as an individual item. Frequency is measured as the number of
days (from 0 to 7 days) in the past week that respondents felt fatigued
and the amount of each day on average respondents felt fatigued
(ítems 12 and 13). Each of these is scored as an individual item. Per-
ceived interference is measured with separate 11-point items that
assess the degree to which fatigue in the past week interfered with
the general level of activity, ability to bathe and dress, normal work
activity, ability to concentrate, relations with others, enjoyment of
life, and mood (ítems 5 to 11). These seven items are averaged to
obtain an interference scale score. A score of�3 on the average fatigue
severity item or a mean score of �3 on those items assessing fatigue
severity in the past week is the recommended cut-off for discriminat-
ing cases of clinically meaningful fatigue from non-cases.31
Finally, for the subjective neuropsychological assessment, we
used the Functional Assessment of Cancer Treatment, Cognitive Scale
[FACT-Cog], version 3. The subjective assessment, consisting of self-
report measures of cognitive complaints,32 contains 37 items
grouped into four subscales: Perceived Cognitive Impairments (PCI),
Impact on Quality of Life, Comments from Others, and Perceived Cog-
nitive Abilities on which mental sharpness, attention and concentra-
tion, memory, verbal fluency, functional interference, deficits
observed by others, change of previous functioning, and impact on
QoL of the patient were evaluated. Each item was rated based on the
experience of the previous week, on a scale of 5, from never/not at all
(0) to several times a day/a lot (4). For version 3 of FACT-Cog, the
developers of the scale recommend the use of one of the four sub-
scales, the PCI score, as the preferred result, and that which is most
cited in the literature. Recently, the cut-off points for PCI have been
described to classify CRCI: the 18-point PCI (cut-off point <54) and
the complete 20-item PCI (cut-off point <60) were examined. Both
PCI-18 and PCI-20 showed a good discriminatory capacity for classifi-
cation of CRCI.33 In the present study PCI-18 was used.

Therapeutic management
To evaluate the effect of the number of chemotherapy cycles, we

decided to categorize the variable into � 3, and � 4 cycles based on
the standard treatment regimen of six initial cycles after diagnosis.

Statistical Analysis
The statistical analysis was carried out using the SPSS 27 and

jamovi 2.2.5 programs. The sociodemographic and clinical character-
istics of the women studied, together with the results of the different
questionnaires on the symptoms assessed, were analyzed initially
from a descriptive point of view.

For the PNS group, a factorial PCA was performed with varimax
rotation. The aim was to determine possible factors or underlying
dimensions. The same technique was applied to a group of functional
scales of QLQ-C30. The degree of consistency of the different factors
was quantified by Cronbach a coefficients. The relations between the
PNS factors detected, the QLQ-C30 factors, and the QLC-B23-Body
image scale of QoL were analyzed by Pearson r coefficient.

The relations between the six variables outlined above and the
clinical variables (tumor stage, adjuvant therapy, estrogen receptors,
progesterone receptors, chemotherapy treatment, number of chemo-
therapy cycles, current situation, surgery, Ki67) were analyzed by
multivariant variance (MANOVA, Pillay test), one for each clinical var-
iable considered. This joint technical analysis was used with the aim
of controlling probability of Type I error. Only in significant (P < .05)
or close to significant cases was a detailed analysis made of the influ-
ence of the clinical variable on each dimension by one-way ANOVA.
Again, only for significant cases, separate analyses were made of the
influence on each of the variables involved in the dimension using
Student, Mann-Whitney, one-way ANOVA, and Kruskal-Wallis tests.

Results

Two hundred thirty-nine women participated in the present
study. A description of the sociodemographic and clinical variables is
given in Table 1. The average time since diagnosis of BC was 23.59 §
43.37 months (median = 5, IQR = 17).

Therapeutic Management

The most representative therapeutic combinations are shown in
Table 2.

In the chemotherapy group, the average number of cycles in our
sample was 6.02 § 7.91. We established a cut-off point at �4 cycles,
which gave the following result: 59% (n = 141) of patients had
received <4 cycles, and 41% (n = 98) had received �4 cycles. The



TABLE 1
Sociodemographic and Clinical Characteristics of the Patients Included in the Study
(Mean Age § Standard Deviation).

Variable Categories N (%)/Mean § SD

Age 53.21 § 10.85
Marital status Married 172 (72)

Single 25 (10.5)
Divorced 19 (8)
Widowed 23 (9.6)

Education level No studies 20 (8.4)
Elementary school 66 (27.6)
Middle school 31 (13)
High school 57 (23.8)
Higher education 65 (27.2)

Employment
situation

Currently in employment 25 (10.5)
Temporary sick leave 105 (43.9)
Permanent sick leave 19 (7.9)
Unemployed 50 (20.9)
Retired 40 (16.7)

Tumor staging 0 10 (4.2)
I 69 (28.9)
II 87 (36.4)
III 43 (18)
IV 30 (12.6)

Grade 1 40 (16.7)
2 76 (31.8)
3 123 (51.5)

Molecular subtype Luminal A/ Luminal B HER2
negative�like

124 (51.9)

Luminal B HER2 positive�like/
HER2-type

91 (38.1)

Triple negative 24 (10)
Current situation Initial treatment 173 (72.4)

Relapse 43 (18)
Checkups 23 (9.6)

Therapy Neoadjuvant 43 (18)
Adjuvant 196 (82)

Menopause Natural 100 (41.8)
Drug-induced menopause 69 (28.9)
Intervention-induced menopause 14 (5.9)
Reproductive stage 56 (23.4)

Treatment Surgery 193 (80.8)
Chemotherapy 204 (85.4)
Radiotherapy 105 (43.9)
Hormonotherapy 84 (35.1)
Immunotherapy 52 (21.8)

Surgical treatment Conservative surgery 126 (52.7)
Uni- or bilateral mastectomy 64 (26.8)
Without surgical treatment 49 (20.5)

Chemotherapy cycles <4 141 (59)
�4 98 (41)
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patients in this group were, therefore, treated with regimens of stan-
dard-dose polychemotherapy, and the majority of them (58.6%;
n = 140) received a combination of two or three cytotoxic agents such
as doxorubicin (anthracycline agent), cyclophosphamide (alkylating
agent), and docetaxel (taxane).
TABLE 2
Therapeutic Combinations in the Sample.

n %

Surgery and chemotherapy 44 18.4
Surgery, chemotherapy, radiotherapy, and hormonotherapy 34 14.2
Chemotherapy 33 13.8
Surgery, chemotherapy, and radiotherapy 26 10.9
Surgery, chemotherapy, radiotherapy, hormonotherapy, and

immunotherapy
12 5.1

Surgery 8 3.3
Other combinations 82 34.3
Psychoneurological Symptoms

Regarding mood, the average scores for anxiety were 18.71 §
12.39 for S/A and 22.21 § 9.59 for T/A. The percentages of S/A symp-
toms classified by level were 62.3% (n = 149) for mild anxiety, 20.5%
(n = 49) for moderate anxiety, and 17.2% (n = 41) for severe anxiety.
The percentage of patients with mild, moderate, or severe T/A was
59.4% (n = 142), 25.1% (n = 60), and 15.5% (n = 37), respectively.

Almost 30% (n = 71) of the women had clinically relevant depres-
sive symptoms (cut-off point �14). The average of the scores from
the BDI questionnaire was 10.82 § 7.94. The levels of depression of
the sample were no or minimal depression at 70.3% (n = 168), mild
depression at 18.4% (n = 44), moderate depression at 7.9% (n = 19),
and severe depression at 3.3% (n = 8).

Considering the sleep quality, the results of the PSQI showed a
mean score of 8.48 § 4.81. The 34.3% (n = 82) of the sample had good
sleep quality, qualifying as good sleepers compared to almost two-
thirds of the sample, 65.7% (n = 157), who had poor sleep quality,
thus being poor sleepers.

The study of sleep disorders, concerning insomnia, determined a
mean score for the sample of 7.90 § 6.20, establishing a prevalence
of insomnia in 107 of the patients (cut-off point �8), which corre-
sponds to a percentage of around 45% of the sample (44.8%). In the
different ISI categories, we found the following distribution: 55.2%
(n = 132) had no insomnia, 29.7% (n = 71) showed subclinical insom-
nia, 12.1% showed moderate clinical insomnia (n = 29), and 2.9%
showed severe clinical insomnia of the patients (n = 7).

About fatigue, the mean scores obtained in the three dimensions
of fatigue were (1) severity: 9.17 § 7.69, representing maximum,
minimum, and average fatigue in the last week, as well as current
fatigue; (2) frequency: 6.10 § 5.27, indicating the number of days in
the last week that patients felt fatigued, as well as the part of the day
they felt fatigued on average; and (3) interference: 16.12 § 17.16,
which reflects the degree to which fatigue in the last week was con-
sidered to interfere with general activity level, ability to bathe and
dress, normal work activity, ability to concentrate, relationships with
others, enjoyment of life, and mood.

Taking into consideration the cut-off point for clinically significant
fatigue (�3 points), we found that 69% of the sample (n = 165) had
scores compatible with clinically significant fatigue, indicating a high
prevalence. Patients above this cut-off reported significantly greater
fatigue interference, more days of fatigue on average, and fatigue in a
greater proportion of each day in the last week.

Subjective neuropsychological assessment (cognitive impairment)
revealed that 36.8% (n = 88) of the sample had PCI (cut-off points
<54). The average score on the PCI subscales of the FACT-Cog is 53.39
§ 13.19.
Quality of Life

The scores for the different scales of QoL corresponding to the
EORTC QLQ-C30 and EORTC QLQ-BR23 are shown in Table 3. A high
score for a functional scale represents a high/healthy level of func-
tioning, a high score for the GHS represents a high QoL, but a high
score for a symptom scale/item represents a high level of symptom-
atology/problems. In this sense, scores were high on most QoL
dimensions except for GHS and EF.

The QLQ-BR23 module assessed BC-specific symptoms, treat-
ment-related side effects, and QoL domains affected by both disease
and treatment. From a functional point of view, BRFU was the most
affected scale.

Regarding symptomology, BRST and BRHL were the symptoms
that most negatively affected patients’ QoL.



FIG. 1. Correlations between PNS. PCI, perceived cognitive impairment; SQ, sleep qual-
ity; DS, depressive symptoms; TA, trait anxiety; SA, state anxiety.

FIG. 2. Three-dimensional PNS cluster. DS, depressive symptoms; PCI, perceived cogni-
tive impairment; SA, state anxiety; SQ, sleep quality; TA, Trait Anxiety.

TABLE 3
Values (Mean § Standard Deviation) of the Func-
tional and Symptoms Scales of EORTC QLQ-C30
and EORTC QLQ-BR23.

EORTC QLQ-C30 N = 239
mean § SD

Global health status 63.09 § 24.57
Functional scales
Physical functioning 78.50 § 22.27
Role functioning 76.36 § 28.87
Emotional functioning 73.04 § 23.42
Cognitive functioning 78.45 § 29.68
Social functioning 75.66 § 26.58
Symptom scales/items
Fatigue 31.84 § 27.24
Nausea and vomiting 7.55 § 16.89
Pain 29.34 § 29.84
Dyspnea 10.72 § 24.45
Insomnia 35.26 § 35.72
Appetite loss 13.10 § 24.74
Constipation 21.60 § 30.75
Diarrhea 10.44 § 21.96
Financial difficulties 17.04 § 28.17

EORTC QLQ-BR23 Mean § SD

Functional scales
Body image 78.06 § 25.62
Sexual functioning 71.40 § 33.18
Sexual enjoyment 69.74 § 38.90
Future perspective 54.65 § 34.26
Symptom scales/items
Systemic therapy side effects 27.24 § 20.41
Breast symptoms 18.18 § 20.79
Arm symptoms 17.86 § 22.64
Upset by hair loss 20.54 § 35.27

EORTC QLQ-C30, European Organization for the
Research and Treatment of Cancer Quality of Life
Questionnaire; EORTC QLQ-BR23, European Orga-
nization for the Research and Treatment of Cancer
Quality of Life Questionnaire. Breast Cancer scale;
SD, standard deviation.
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Symptom Clusters

A PCA was applied to the PNS-assessed group in the cluster
associated with underlying factors or dimensions. The heatmap in
Fig. 1 shows the correlations between the PNS. We observe a strong
consistency in these, with all the correlations being high (P < .001 in
all cases).

We also observe, however, that the PCI scores correlate negatively
with the rest of the scales; that is, they score in the opposite direc-
tion. If this is inverted (PCI-reversed), we obtain a positive correla-
tion. In this case, the Cronbach a value on the PNS scale is 0.768.

According to the PCA, we can account for 73.4% of the total vari-
ance through three dimensions that make up three subgroups of
symptoms (PNS-1, PNS-2, and PNS-3). The first dimension clearly
groups together the ST and SA scales; the second, PA, FA, and PCI; the
third, SL and sleep quality. The depressive symptoms scale is
explained in equal parts by PNS-1 and PNS-2. This three-dimensional
cluster is illustrated in Fig. 2 in which PCI is inverted. The PNS-1
dimension has a value of a = 0.790 (including depressive symptoms),
PNS-2 (also including depressive symptoms and with PCI inverted)
has a value of a = 0.663, and PNS-3, a = 0.842. A similar procedure
was followed with the six scales on the functional level of QLQ-C30.
Once again, the heatmap in Fig. 3 shows a strong consistency, with P
< .001 in all cases and a = 0.808.

The PCA distinguishes two dimensions (QLQ-C30-1, QLQ-C30-2)
that account for 64.9% of the variance. The dimension or factor QLQ-
C30-1 groups the scales GHSS, PF, and RF; the dimension QL-C30-2
groups EF and CF; and the SF scale is explained jointly by both factors.
This two-dimensional grouping is shown in Fig. 4. The QLQ-C30-1
dimension has a value of a = 0.767 (including SF), and QLQ-C30-2 has
a value of a = 0.700 (including SF).
Correlations between PNS and Functional Scales QLQ-C30 and BR23

The relations between PNS, QLQ-C30, and QlQ-BR23 were ana-
lyzed (only the BRBI functional scale, a correlating sample of this
module). Table 4 shows the significant correlations (Pearson r).

Noteworthy is the correlation between PNS-2 and QLQ-C30-1,
which is maximum, and is illustrated as an example in Fig. 5 through
a scatterplot. It is appreciated that the higher the PNS-2 score (ie, the
worse the evaluation in PCI, fatigue, and pain), the lower the average
score in QLQ-C30-1 (ie, the worse the evaluation of GHSS, PF, and RF).
Something very similar occurs between PNS-1 (ST and SA) and QLQ-
C30-2 (EF and CF). The PNS and QLQ-C30 factors correlate with BRBI
as expected.



FIG. 4. Two-dimensional grouping of QLQ-C30 functional scales. CF, cognitive func-
tioning; EF, emotional functioning; GHS, global health status; PF, physical functioning;
RF, role functioning; SF, social functioning; QLQ-C30-1, Quality of Life Questionnaire-
dimension 1; QLQ-C30-2, Quality of Life Questionnaire-dimension 2.

FIG. 5. Correlation between PNS-2 and QLQ-C30-1 dimension. PNS, psychoneurologi-
cal symptoms; QLQ-C30-1, Quality of Life Questionnaire-dimension 1.

FIG. 3. Correlations between the QLQ-C30 functional scales. SF, social functioning; CF,
cognitive functioning; EF, emotional functioning; RF, role functioning; PF, physical
functioning; GHS, general health status.
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The six variables that relate to PNS and to functional QoL in BC
(PNS-1, PN2-2, PNS-3, QLQ-C30-1, QLQ-C30-2, and BRBI) were
considered jointly. For each of the clinical variables considered, a
MANOVA test was applied to detect significant associations with
the symptoms, summarized in these six dimensions. The result
was P = .552 for the stage of illness, P = .569 for adjuvant
TABLE 4
Correlations between Symptoms, QLQ-C30 Dimensions, and the Body image Func-
tional Scale of QLQ-BR23.

PNS-1 PNS-2 PNS-3 QLQ-C30-1 QLQ-C30-2

QLQ-C30-1 �0.248*** �0.497*** �0.159*
QLQ-C30-2 �0.492*** �0.306*** �0.136*
Body image �0.367*** �0.282*** �0.200** 0.354*** 0.307***

*P < .05; **P < .01; ***P < .001, according to the Pearson correlation test.
PNS, psychoneurological symptoms; QLQ-C30-1, Quality of Life Questionnaire-
dimension 1; QLQ-C30-2, Quality of Life Questionnaire-dimension 2.
treatment, P = .386 for estrogen receptors, P = .195 for progester-
one receptors, P = .005 for chemotherapy treatment, P < .001 for
number of chemotherapy cycles (up to 3 or �4), P = .091 for the
current situation, P = .602 for treatment with surgery, and P = .105
for Ki67. Consequently, a significant influence was detected both
in chemotherapy treatment and in the number of cycles received
in the PNS cluster. A result close to significance was also found
for the current situation variable. These three results are analyzed
in more detail.

Concerning chemotherapy treatment, the separate one-way
ANOVA analysis of each of the seven dimensions that summarize the
symptoms gave the following results: P = .558 for PNS-1; P = .546
for PNS-2; P = .003 for PNS-3; P = .166 for QLQ-C30-1; P = .498 for
QLQ-C30-2, and P = .004 for BRBI. These data demonstrate the signifi-
cant relation between chemotherapy treatment and PNS-3 and its
negative impact on QoL in BRBI; this relation is illustrated in the box
diagram in Fig. 6.

Table 5 displays a more detailed analysis (mean § SD) of each of
the variables involved in the PNS-3 factor together with BRBI. The
results of the comparisons from the t-test and Mann-Whitney test
are included.

For the number of chemotherapy cycles variable, the detailed
analysis gave the following results: P = .463 for PNS-1, P = .002 for
PNS-2, P = .183 for PNS-3, P = .021 for QLQ-C30-1, P = .112 for QLQ-
C30-2, and P < .001 for BRBI. This shows that the higher the number
of chemotherapy cycles received, the higher is the score in PNS-2 (ie,
the worse the evaluation in PCI, FA, and PA) and the lower is the aver-
age score in QLQ-C30-1 (the worse the evaluation of GHS, PF, and RF)
and on the functional scale BRBI. The relation with PNS-2, QLQ-C30-
1, and BRBI can be seen in the box diagram in Fig. 7.

Table 6 presents a more detailed analysis (mean § SD) of each of
the variables involved in the PNS-2 and QLQ-C30-1 factors together
with BRBI.

Last, for the variable current situation, the results of the
detailed analysis were P = .775 for PNS-1, P = .432 for PNS-2,
P = .026 for PNS-3, P = .340 for QLQ-C30-1, P = .756 for QLQ-C30-2,
and P = .047 for BRBI. These results determine a higher score in
PNS-3 (worse evaluation in sleep quality and insomnia), in
patients in checkup situations, and a lower average score in BRBI
in the patients of this same group compared to patients during
relapse or initial treatment. The relation with PNS-3 and BRBI is
illustrated in the box diagram in Fig. 8.

Table 7 presents the detailed analysis (mean § SD) of each of the
variables involved in the PNS-3 factors together with BRBI. In this
case, one-way ANOVA and the Kruskal-Wallis test were applied.



FIG. 6. Relationship between PNS-3, body image, and chemotherapy treatment. PNS, psychoneurological symptoms.
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Discussion

Prevalence of Symptoms

Regarding the prevalence of PNS symptoms in women with BC
undergoing treatment, we observed that many of the patients had
fatigue (68%), depressive symptoms (30%), anxiety (37.5%), insomnia
(45%), cognitive impairment (36.3%), and pain (average of 28.9 on the
symptom scale).

In the literature consulted, the prevalence of fatigue in BC oscil-
lates between 20% and 30%,34 although some studies have reported
66%,5 which is more in agreement with our findings. The data on
depressive symptoms and anxiety are consistent with studies that
determined that the prevalence of depressive symptoms is between
25% and 66%,7,35 and anxiety, between 33% and 60%.36,37 The preva-
lence of insomnia is higher in our sample with respect to recent
methodological similar studies,38 although other studies report even
higher percentages (51.9%).39 In previous studies, rates of self-
informed cognitive impairment ranged between 37% and 71%.40 Vari-
ation in the prevalence of symptoms depends on factors such as the
type of instruments used, the size and characteristics of the sample,
and the moment when data collection is made.
Symptom Clusters

The existence of PNS clusters in women with BC has been previ-
ously established, but the symptoms in the cluster vary among differ-
ent publications.2 In our study, although all the PNS are related
among themselves, the factorial analysis performed shows three sub-
groups of symptoms within the cluster, which were accounted for
with 73.4% of the variance: state anxiety and trait anxiety (PNS-1),
cognitive impairment, pain, and fatigue (PNS-2), and sleep disorders
(PNS-3 [sleep quality and insomnia]). Depression is explained in
equal parts by PNS-1 and PNS-2. These results support the following
hypothesis: symptom clusters are made up of stable groups, are rela-
tively independent of other groups, and can reveal specific underly-
ing dimensions of the symptoms. The relations between the
symptoms in a cluster must be stronger than the relations between
the symptoms in the different groups. This idea was proposed by Kim
TABLE 5
Relation between PNS-3, Body Image, and Chemotherapy Treatment.

No Chemotherapy
(N = 35)

Chemotherapy
(N = 201)

t-test M-W test

Insomnia 5.63 § 4.72 8.21 § 6.33 P = .022 P = .038
Sleep quality 6.53 § 3.56 8.79 § 4.92 P = .010 P = .019
Body image 89.42 § 14.20 76.40 § 26.22 P = .004 P = .006

PNS, psychoneurological symptoms; M-W test, Mann-Whitney test.
et al,1 although it was not statistically verified as it has been in our
study.

In the systematic review conducted by So et al,2 it was found that
the symptom clusters most commonly reported by patients undergo-
ing active oncological treatment were pain-fatigue-sleep disorders
and the cluster composed of anxiety-depression-worry-sadness-
nervousness-irritability, sub-groups that were also found in our study
although in different dimensions. It has been demonstrated that pain
is a significant factor both in fatigue and in insomnia, which might
explain why in our cluster it is factorially associated with dimension
PNS-2 together with fatigue and cognitive impairment, although it
could well belong to PNS-3 according to the literature.41 Cognitive
impairment, which is a very significant symptom in BC patients
undergoing treatment with chemotherapy, was analyzed by Sanford
et al,11 who performed a prospective study of sleep, fatigue, depres-
sion, anxiety, and cognitive impairment in BC patients. In this work,
we find a similarity with ours in the dimensions PNS-1, -2, and -3.
Those authors found a worse functional state, and QoL had a higher
score on the symptoms scale.

Similarly, those studies that include longitudinal evaluations of
symptoms report that psychological symptoms, in particular anxiety
and depression, were present before, during, and/or after
treatment.42,43 It has been previously suggested that anxiety and
depression coexist with pain, fatigue, and sleep disorder and that the
seriousness of each group of symptoms is exacerbated by the appear-
ance of other symptoms.44 This coexistence has been confirmed in
our study. The co-occurrence of groups or sub-groups of symptoms
could be potentially caused by alterations in certain molecular path-
ways associated with the two mentioned groups, such as dysregula-
tion of functioning of the hypothalamic-pituitary-adrenal axis,
altered neurotransmission of serotonin, or increased production of
proinflammatory cytokines.45,46 In fact, a previous review also
revealed that proinflammatory cytokines and immunity markers
might be related with symptom clusters associated with cancer treat-
ment.47 It is likely that the symptoms in these groups are caused by
the common biological pathways previously mentioned, in such a
way that alterations in these pathways could lead to concurrent
expression of both groups of symptoms. This pattern of shared path-
ways could explain why these two groups of systems frequently
coexist. What does seem to be clear is that fatigue, pain (PNS-2), and
insomnia (PNS-3) can have direct and indirect effects on psychologi-
cal symptoms (PNS-2), which is in agreement with recent findings.17

It is important to note that there is wide variability in the results
from the different studies due to differences in designs (transversal,
longitudinal), the instruments used for measuring symptoms, the
types of statistical analysis, the stage of the illness when studied,
types of treatment, patients’ cultures, etc., all of which make compari-
sons difficult. It is clear, however, that a group of PNS symptoms
exists that has an important effect on QoL.



FIG. 7. Relationship between PNS-2, body image, QLQ-C30-1, and number of CT cycles. PNS, psychoneurological symptoms; QLQ-C30-1, Quality of Life Questionnaire-dimension 1.

TABLE 6
Relation between PNS-2, QLQ-C30-1, Body Image, and Number of Chemotherapy Cycles.

0�3 Chemotherapy cycles (n = 98) �4 Chemotherapy cycles (n = 141) t-test M-W test

Pain 25.3 § 26.85 34.22 § 31.82 P = .023 P = .033
Fatigue 13.34 § 15.92 19.83 § 17.80 P = .004 P = .002
Perceived cognitive impairment 54.82 § 11.73 52.10 § 13.46 P = .103 P = .194
Depressive symptoms 10.06 § 7.45 12.01 § 8.36 P = .063 P = .078
Global health status 66.091 § 23.64 58.51 § 24.80 P = .019 P = .012
Physical functioning 80.98 § 22.85 75.29 § 19.73 P = .050 P = .003
Role functioning 77.23 § 28.46 75.35 § 29.10 P = .626 P = .518
Social functioning 75.90 § 26.64 76.77 § 25.18 P = .802 P = .984
Body image 83.00 § 21.92 70.85 § 28.17 P < .001 P < .001

PNS, psychoneurological symptoms; QLQ-C30-1, Quality of Life Questionnaire-dimension 1; M-W test, Mann-Whitney test.
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QoL

In the QoL analysis, our patients presented lower scores than
those found in the nononcological population both on the GHS, with
similar scores to those found by other authors,48,49 and on the EF
scale, also similar to the results from other studies.50,51 On the
FIG. 8. Relation between PNS-3, body image, and curre
functional scales, EF showed the highest negative repercussion, in
agreement with the results obtained in emotional symptomatology
in our sample. The worst results on the symptoms scales were insom-
nia, fatigue, and pain, which coincided with other studies,50,51 and
constipation, which is also in agreement with a recent study.52 In the
specific module QLQ-BR23, the patients obtained a score of 53.81 on
nt situation. PNS, psychoneurological symptoms.



TABLE 7
Relation between PNS-3, Body Image, and Current Situation.

Initial (N = 173) Relapse (n = 43) Checkups (n = 23) ANOVA KW test

Insomnia 7.442 § 6.07 8.19 § 6.66 9.96 § 5.63 P = .169 P = .118
Sleep quality 7.99 § 4.59 8.69 § 5.10 11.26 § 4.99 P = .008 P = .015
Body Image 80.70 § 23.26 74.81 § 27.40 68.13 § 32.23 P = .047 P = .088

PNS, psychoneurological symptoms; KW test, Kruskal-Wallis test.
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the future perspective scale, which was a similar figure to those
reported in recent publications, this scale being the most
affected.50,51

A factorial analysis was also performed with the different dimen-
sions of the questionnaires on QoL, and two dimensions were found:
a mainly physical functional dimension (FF and RF) and a cognitive-
emotional one (EF and CF). These dimensions correlate with the three
PNS sub-groups found, which corroborates the fact that there exists
in our BC patients a functional condition both on a physical and a cog-
nitive-emotional level. We can therefore state that QoL is worse in BC
patients with higher degrees of symptoms than in those with lower
degrees of symptoms, which is in line with the results from the scien-
tific literature, and with the view that these concurrent symptoms
are the cause of reduced QoL and functional state in BC patients.17,53

Relation between Symptoms and QoL

In the research on symptom clusters carried out by Dong et al,54

the authors found three symptom sub-groups similar to our dimen-
sions. Group PNS-1, which they named the emotional group, was a
stronger predictor of general QoL than the other groups. The fatigue-
pain group was a stronger predictor of general health (GHS scale)
than the other groups. PNS-2, which they named cognitive, and
fatigue-pain predicted physical functioning (PF scale), role function-
ing (RF scale), and social functioning (SF scale). These results coincide
with those obtained in our study, given that the correlation found
between PNS-2 and QLQ-C30-1 was maximum: the higher the score
in PNS-2 (ie, the worse the evaluation of pain, fatigue, and cognitive
impairment), the lower the average score in QLQ-C30-1 (ie, the worse
the evaluation of PF and RF). Something very similar occurred
between PNS-1 (ST and SA) and QLQ-C30-2 (EF and CF) whose corre-
lation is maximum, although there is also a correlation with QLQ-
C30-1. In contrast to Dong et al,54 although the emotional sub-group
PNS-1 is an important predictor, in our case the PNS-2 is a stronger
predictor of general QoL than the other sub-groups or dimensions.

Each isolated symptom influences the deterioration of patients’
QoL, but when we view the symptoms as a group, their impact is
even more significant. All the symptoms that form part of the PNS
group and the functional scales of QoL are correlated between them-
selves. Our study focuses on a group of patients with simultaneous
risk of eight PNS while undergoing cancer treatment that have seri-
ous repercussions on QoL. It has been previously reported that
patients with high symptomatic intensity experienced the most seri-
ous limitations in functional performance in all types of daily activi-
ties.12 Similarly, Miaskowski et al55 reported that patients in the
subgroup of high intensity of symptoms had lower scores for QoL and
that the sub-group of all the patients with low intensity had better
results for QoL and functional state.

Relation between Symptoms and Clinical-Type Variables

Finally, we propose to determine the relationship between differ-
ent clinical variables and the symptom sub-groups in,tending to find
predictors of these sub-groups. A relation was found between che-
motherapy and the PNS-3 group (specifically, insomnia and sleep
quality), as well as with body image. Moreover, a relationship was
established between the number of chemotherapy cycles and the
PNS-2 group of symptoms (ie, with pain, fatigue, and cognitive
impairment). Chemotherapy has been shown to present adverse
effects, but in addition, patients experience multiple concurrent
physical, emotional, and cognitive symptoms related to the treatment
and/or the illness itself, negatively affecting QoL in our sample in the
same way as that described by other authors.43,56

Chemotherapy as a method of treatment has been described as a
predictor of PNS intensity.6,7 It has been established as a significant
predictor of PNS clusters of a somatic nature (ie, pain, fatigue, and
sleep disorders) over time, and the application of chemotherapy
cycles in the month previous to the detection of the symptoms can
predict more intense somatic symptoms, including pain, fatigue, and
sleep disorders.57 Our analysis, both on separate symptoms and on
clusters, enabled us to determine that treatment and number of che-
motherapy cycles are predictors both in PNS-3 (sleep quality and
insomnia) and in PNS-2 (pain, fatigue, and cognitive impairment, the
latter being in the analysis of the cluster, as in PNS-1).

Concerning PNS-3 and PNS-2, it has been demonstrated that
regardless of the symptoms analyzed, sleep disorders, pain, cognitive
impairment, and fatigue are present in women diagnosed with BC
undergoing treatment with chemotherapy. Trudel-Fitzgerald et al,58

on the evolution of symptoms in the 18 months following adminis-
tration of chemotherapy, found that the patients who did not receive
chemotherapy had significantly lower scores than the chemotherapy
patients, lower levels of fatigue, compared to the other treatment
groups, and lower levels of pain.

For PNS-1 (state anxiety and trait anxiety), in the separate analy-
sis, no relation with clinical variables was observed, although there
was a relation in the group analysis, and so this dimension of a more
psychologically emotional nature, when it appears grouped with
other symptoms, contributes to the cluster, worsening the symptoms.
There is, therefore, a clear worsening of PNS-2 and PNS-3 when PNS-
2 intervenes in the cluster. The anxiety symptoms in their two
dimensions are also linked to chemotherapy treatment, additionally
correlated with the number of cycles received, although as stated
before, in the group analysis of the cluster. Regarding depressive
symptomatology, it has already been pointed out that factorially this
was explained both by PNS-1 and PNS-2.

From the data analyzed, we observe that treatment for BC, though
efficient, generates a series of secondary effects that can negatively
affect QoL of patients.11

Analysis of the current situation shows that patients receiving
checkups had higher scores in PSQI; that is, they presented worse
sleep quality than patients beginning treatment, and an association
was found between the current checkup situation and clinical insom-
nia. We found little evidence of this occurrence, which may be
explained by the relation with time since diagnosis, time since the
commencement of chemotherapy and/or other treatments, and
uncertainty and fear caused by the possible reappearance of the ill-
ness at each checkup. In this sense, Desai et al59 found a greater prev-
alence of insomnia depending on the time passed. Therefore, women
who had been diagnosed with BC between 2 and 5 years previously
were significantly more likely to report insomnia than those with
diagnoses of 2 years or less.

Among the limitations related to the design is the impossibility of
inferior causal mechanisms. A longitudinal follow-up study could
have allowed us to determine the influence of different factors on
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PNS and QoL at different times of the disease. However, our efforts
were focused on recruiting as many BC patients as possible. In addi-
tion, objective tests could have been included to determine the level
of cognitive impairment in a complementary way to the subjective
tests. The strengths of our research must also be highlighted. This
study has made it possible to describe and analyze the characteristics
of different groups of generalizable symptoms. Likewise, consistency
has been found between the groups of symptoms identified and the
data published in the literature, being able to identify different symp-
tom profiles in women with BC undergoing treatment.

Conclusion

The present study has identified a specific pattern of grouped
symptoms in a PNS cluster with different underlying dimensions that
negatively influence the QoL of survivors of BC. Through a factorial
analysis of data, three dimensions were observed: dimension 1,
which corresponds to psychoemotional symptoms (state of anxiety
and anxiety trait); dimension 2, which corresponds to symptoms of
pain, fatigue, and cognitive impairment; and dimension 3, which cor-
responds to symptoms related to sleep disturbance. This cluster and
its grouped dimensions are concurrent during the active process of
oncological treatment and make up an indissoluble unit with disturb-
ing repercussions on emotional, physical cognitive, and social func-
tioning. Chemotherapy as a treatment method has been described as
a predictor of the intensity of the cluster of PNS. We conclude that
QoL is lower in patients with BC with higher levels of symptoms and
that these concurrent symptoms are the cause of reduced QoL and
functional state.

Implications for Practice
It is important to raise awareness among professionals and

patients about the existence of a cluster of PNS, the patient's profile,
as well as the factors that exacerbate them. This will allow them to
be treated more effectively and comprehensively.

ROR (Research Organization Registry)

https://ror.org/0174shg90
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