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Abstract. According to data largely obtained from retrospective studies, it has been postulated that chemotherapy exerts
an aggravating effect on the cognitive function of patients with
breast cancer. Potential individual factors related to the effects
of chemotherapy on cognitive function have been indicated,
such as age‑related cognitive dysfunction and stress. Elderly
patients differ from non‑elderly patients as regards higher
cognitive related comorbidities, such as dementia, as well as
regarding lower stress levels, indicating that ‘chemobrain’
may differentially affect these two age groups. The aim of this
review was to discuss the effects of stress and chemotherapy
on cognitive dysfunction and identify any potential age‑related
differences in patients with breast cancer treated with adjuvant
chemotherapy. For this purpose, a systematic review of the
literature was carried out on the PubMed, Scopus and Web of
Science databases. The inclusion criteria were original articles
published in peer‑reviewed journals, elderly and non‑elderly
patients with breast cancer, reporting on stress and at least one
cognitive parameter pre‑ and/or post‑treatment. Eight studies
met the preset criteria and were further analyzed. In total, the
data of 1,253 women were included, of whom 800 patients
with breast cancer were treated with surgery only, systemic
treatment only, or both. Although all the studies included a

non‑elderly breast cancer patient subpopulation, only two of
the studies included patients over 65 years of age. All studies
indicated a statistically significant association of stress with
various domains of cognitive dysfunction in patients, as shown
by either self‑completed questionnaires, neuropsychological
testing or both. An age over 60 years was linked to fewer
cognitive difficulties mediated by lower levels of stress. Thus,
the evidence supports the association of stress with cognitive deficits in patients with breast cancer, regardless of the
type of cancer‑related treatment. Therefore, stress should be
appropriately addressed. However, further research is required
to investigate the association of stress with cognitive function
in elderly patients with breast cancer.
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Breast cancer is the leading type of cancer affecting females
worldwide and accounts for 25% of cancer incidence among
women (1,2). Epidemiological analyses from the Surveillance,
Epidemiology, and End Results Program (SEER) database
in the USA have indicated that the majority (almost 60%) of
breast cancer cases are diagnosed at 65 years or older and
>30% of the cases are diagnosed over the age of 70, thus
rendering breast cancer the leading cause of cancer‑related
mortality among women older than 65 years of age (3).
Surgery, radiotherapy and systemic therapy, including
chemotherapy and endocrine therapy, are the most common

508

PAPANASTASIOU et al: FACTORS AFFECTING COGNITIVE FUNCTION OF BREAST CANCER PATIENTS

treatment methods for patients with breast cancer. However, the
administration of systemic therapy has been shown to be associated with cognitive dysfunction described as ‘chemobrain’ or
chemotherapy‑related cognitive dysfunction (4,5). ‘Chemobrain’
refers to limitations in memory, concentration, learning ability,
processing speed, language and executive function (4,6). Although
the majority of studies describe cognitive dysfunction related
to chemotherapy as a reversible side‑effect that usually occurs
within 18 to 36 months following diagnosis, a large retrospective analysis from the SEER database including 18,360 patients
indicated a long‑term increased risk of dementia (5,7).
Stress, as a consequence of significant environmental
factors, has also been shown to be associated with poorer cognitive function and has been shown to exert a damaging effect
on brain regions involved in cognitive performance, such as the
prefrontal cortex and the hippocampus (8). Prolonged exposure
to stress can accelerate the aging process and increase the risk of
developing dementia and other cognitive deficits (9,10). Patients
with breast cancer have to cope with several types of stress
during their everyday life as a result of the disease itself and
the side‑effects of the applied treatments (e.g., neuropathy, bone
pain, hair loss, etc.) (11,12). As indicated by case‑control studies,
patients with breast cancer undergoing active treatment have
elevated stress levels compared to healthy individuals (13,14). Of
interest, recent evidence indicates that younger patients experience higher stress levels as compared to older ones (15).
Moreover, it is well known that normal aging affects a
wide range of cognitive domains, such as memory, processing
speed, executive function, shift of attention, visuospatial and
constructional skills (16). Structural and functional changes
mediate this decline, which has been highlighted by neuropsychological and neuroimaging studies (16-20). Nevertheless, the
prevalence of cognitive disorders, such as dementia, is higher
among the elderly (16,21). Recent advances in medicine and
technology, have led to major declines in mortality, not only
of younger‑age patients, but also of older‑age ones, resulting in
a marked increase in the elderly population worldwide. Thus,
it has become a great challenge to safeguard cognitive functions and to preserve independence and functionality in the
aging population. Geriatric patients with breast cancer have
increased supportive care needs due to age‑related functionality decline, more comorbidities and a lower tolerance to
treatment regimens, i.e., chemotherapy and radiotherapy (22).
However, more elderly patients are expected to be treated
in the future as, a recent analysis from the SEER database
including 160,676 women aged 65 years and older (21,743 aged
older than 80 years) indicated an overall survival benefit from
chemotherapy, particularly in those assessed as ‘good risk’ by
geriatric assessment tools (23).
The aim of this review was to shed light on the role of
systemic therapies, stress, and age in the cognitive function of
patients with early‑stage breast cancer. In addition, this review
aimed to discuss the differential effects of chemotherapy and
stress on the cognitive function of elderly and younger patients
with breast cancer.
2. Data collection methods
Study design. For the purpose of this study, we conducted a
systematic review of the literature. A.P. and T.S. participated

in the literature search, study selection process and extraction of the studies. Disagreements between the authors were
resolved through discussion or with the assistance of A.K. All
authors participated in the appraisal of the extracted studies.
Literature search. A search for articles in the English language
published from database inception until September 23, 2018
was carried out on the PubMed, Scopus and Web of Science
databases. The combinations of keywords used were as follows:
(‘breast cancer’ OR ‘breast carcin*’ OR ‘breast tumor*’) AND
(cognit* OR ‘executive function’ OR attention OR memory
OR orientation OR perception OR language OR verbal OR
visual OR vigilance OR visuospatial OR ‘problem solving’
OR ‘processing speed’) AND chemotherapy AND (stress OR
stressor OR cortisol OR ‘perceived stress’). A second search
was also carried out using the terms (‘breast cancer’ OR
‘breast carcin*’ OR ‘breast tumor*’) AND (cognit* OR ‘executive function’ OR attention OR memory OR orientation OR
perception OR language OR verbal OR visual OR vigilance
OR visuospatial OR ‘problem solving’ OR ‘processing speed’)
AND chemotherapy AND (toxicity OR side‑effect* OR
‘adverse event*’ OR chemobrain OR chemofog OR ‘adverse
react*’ OR ‘central nervous system’). In addition, a snowball
technique was utilized in order to include any potential studies
not revealed through this process. Issues of related journals,
reference lists of included studies, and other relevant articles
in the field were rummaged in an attempt to locate possible
records. The flow of information from record identification to
inclusion followed the principles of the Preferred Reporting
Items for Systematic review and Meta‑Analysis Protocols
statement (PRISMA) (24) and is presented in Fig. 1.
Study selection. The inclusion criteria were as follows:
i) Original articles published in peer‑reviewed journals;
ii) studies including elderly and/or non‑elderly patients with
breast cancer; and iii) studies assessing stress and cognitive
function of such patients pre‑ and/or post‑treatment. The
exclusion criteria were the following: i) Preclinical and interventional type of studies; and ii) diagnosis of brain metastasis.
Extracted data. The extracted data of these articles included
the following: Name of study, country, total number of
patients, total number of participants, sample characteristics,
measures of stress, measures of cognitive function, timing of
assessments, and association of stress with cognitive parameters (Table I).
Appraisal of the quality of the studies. The quality of the
included studies was evaluated using the Newcastle‑Ottawa
Scale proposed by the Cochrane Non‑Randomized Studies
Methods Working Group (25). This instrument was selected
as it can be applied to evaluate studies involving different
methodological study designs in a single assessment process.
In particular, as regards the assessment of case‑control studies,
the Newcastle‑Ottawa Scale includes 8 items which control
for the selection of the cases and controls (adequate definition
and representativeness of the cases, selection and definition of
controls), the comparability between cases and controls with
respect to certain factors (i.e., age, sex, etc.) and the degree of
exposure (method of ascertainment of exposure, similarity of
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Figure 1. The flow of information from record identification to inclusion used in this review.

method for cases and controls, non‑response rates for groups).
A maximum of 4 stars can be given for the selection subscale,
2 for the comparability subscale and 3 for the exposure
subscale, summing up to a maximum of 9 stars (Table II).
3. Interpretation of the collected data
Of the 4,196 study records retrieved through database
searching, 8 met the pre‑set eligibility criteria and were
included in this review (Fig. 1) (26‑33). Of these, 6 were
case‑control studies (26‑30,33) and 2 that had no control group
used literature data for comparative analysis (31,32). Only 2
of the studies were longitudinal and assessed the participants
both before and at standard times following the completion of
chemotherapy (26,33). From the point of view of age, 2 studies
included patients under and over 65 years of age (26,30), but
only one analyzed them as a separate group (30). With respect
to systemic treatment, 1 study examined patients just prior to
the initiation of adjuvant treatment (29), 2 studies included
patients on active chemotherapy (26,33) and 5 studies described
patients who had completed chemotherapy from 2 weeks up
to 10 years earlier (27,28,30‑32). Two studies included groups
of patients who had only received surgery at the time of the
assessment, either prior to the initiation of chemotherapy or
not requiring further treatment (26,33). In all the studies, the
study participants could have received additional types of
treatment (i.e., endocrine treatment and radiotherapy), apart
from surgery and chemotherapy
In total, 1,253 women were included in the analysis.
Different aspects of stress were investigated in different
studies, namely generalized stress (26,29‑31), job‑related

stress (28), trauma‑related stress (32,33) and physiological
response to stress (27). Accordingly, stress assessment methods
varied among the studies. Five studies used validated questionnaires (26,29‑32). One study used a single item of a battery
to assess the responders' job‑related stress (28). One study
used a structured clinical interview for post‑traumatic stress
disorder symptoms (33) and 2 studies measured cortisol
levels during the day and under a laboratory controlled task
respectively (27,32). The fields of cognitive function examined in the 8 studies were attention (26,28,29,33) cognitive
flexibility (28,29) executive function (26,28,29,33) concentration (29,30,33) verbal and visual memory (26,28,29,33)
episodic memory (29), working memory (27,28), verbal paired
associated memory (27) processing speed (26,29,33) functional
and verbal tasks (26,33) stress‑enhanced recall (27), general
intelligence (29), perceived cognitive impairments, comments
from others, perceived cognitive abilities, impact on quality of
life (31,32) and work output (28).
All the studies demonstrated a statistically significant
association of stress with at least one cognitive parameter in
patients with breast cancer. One study reported a significant
association of perceived cognitive deficits with psychological
stress in chemotherapy‑treated patients, although a control
group was not included (31). However, similar results were
reported from a study comparing non‑chemotherapy‑treated
patients with a healthy control group (29). Specifically, a
worse perceived cognitive function associated with psychological distress in patients was also highlighted in a study
comparing non‑chemotherapy‑treated patients with a healthy
control group (29) despite the absence of differences between
patients and controls in the neuropsychological testing.

Study
design

No. of
patients

Measures
of stress

Measures of
cognitive parameters

Time of
measurements

Case: Job stress had a significant
impact on the cognitive limitations
at work either according
to performance (β=0.29, P<0.01),
or according to the patients' reports
(β=0.29, P<0.01).
Control: β indicator did not
show a statistically significant
correlation (β=-0.06 and
β=0,06, respectively)

Case n=122, 18-65 years old,
Behavioral
Perceived cognitive
A single
female breast cancer survivors risk factor
function:
measurement
(non metastatic), working
surveillance
CSC-modified
following a
≥1 year prior to the study,
survey (1 item performance-based
screening
between 1 and 10 years of
used to assess cognitive function:
to determine
breast cancer treatment
job stress
CNSVS
the eligibility of
completion (surgery,
in this study)		
the participants
chemotherapy, HT, BT).				
Control n=113, 18-65 years old,				
female non-cancer				
participants, without
a prior diagnosis
			
of any type of cancer

Measures of cognitive USA
Case-control 235
function and work
(Washington			
in occupationally
DC)			
active breast cancer				
survivors, 				
Calvio et al, 				
2010 (28)				
				
				
				
				
				
				

At secondary analysis,
cognitively impaired patients
exhibited statistically
significant higher levels
of distress (P=0.019) in
comparison with the
non-impaired patients

Main findings

Logical recall: Significant
decrease in total recall in week 2
but independently of stress
condition [F(1,36)=4.465,
P<0.05, η2=0.019].
Significant interaction between
the drug and stress condition
when testing stories separately
[F(3,36)=2.792, P<0.05, η2=0.018).
Significant positive correlation
between recall of story A and 20 min'
salivary cortisol post-stressor
(r=0.544, P<0.05, df=9).
The cortisol/memory association for
story A differed significantly between
control and breast cancer groups
by Fisher's z test (z=2.18, P<0.05)

Case BC+SYST group:
PSS
COWA test, BADS-Zoo
T1: Before the
n=31, ≥70 years old,
IES (at T2)
Map test, TMT parts A&B, initiation of
39% post-menopausal.		
EFT, VRT test, DS of
the treatment
BC group: n=24, 		
the WAIS-III, VRT of
T2: 6 months after
54% post-menopausal		
the WMS-R, HVL-R test,
the completion
Control NC group:		
DSC test of the WAIS-III, FT of the treatment
nn=33, ≥70 years old,				
55% post-menopausal

Sample
characteristics

Effects of breast
USA
Case-control 40
Case n=20, 27-49 years old,
CPT
Subtests from the WMS-III Salivary cortisol:
cancer treatment
(California) and field		
female breast cancer survivors Salivary
(working memory, verbal
At baseline, 10,
on the hormonal		
experiment		
treated with Lupron
cortisol
paired associate memory
20 and 30 min
and cognitive		
study		
(6 additionally treated with		
and narrative recall)
and 1 week
consequences				
aromatase inhibitors, 4 with			
after CPS test.
of acute stress,				
tamoxifen and 1 with 			
WMS-III:
Andreano et al, 				
chemotherapy). At the initiation			
At baseline,
2012 (27)				
total sample premenopausal.			
after 1 week
				
Control n=20, 26-48 years old,				
				
healthy and naturally				
			
cycled women				
								
								
								
								
								
								

Cognitive
The
Longitudinal 88
impairment in a
Netherlands case-control		
subset of patients				
with breast cancer				
following systemic				
therapy - results from				
a longitudinal study,				
Menning et al, 				
2016 (26)

Study [Author, 		
year (Ref.)]
Country

Table I. Extracted data from 8 studies including a total number of 1,253 participants, of whom 800 were patients with breast cancer.
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Childhood trauma exposure
is associated with self-reported
cognitive functioning among
breast cancer survivors and is
mediated by cortisol dysregulation,
as shown by steeper cortisol slope
in the exposed patients (P=0.02)

Case n=56 BCS,
TES
FACT-Cog
T1: Upon waking
aged ≥21 years,
Salivary		
T2: 30 min
mean age, 53.6 years,
cortisol		
after waking;
SD=9.8 ≥2 weeks
levels		
T3: at 9:00 p.m.
post treatment			
for 2 days
(except HT),				
stages I-IV				

Effects of childhood
USA
Cross56
trauma exposure and		
sectional		
cortisol levels on				
cognitive functioning				
among breast cancer				
survivors, Kamena et al,				
2017 (32)				

Main findings

Mediation analyses revealed
that stress both directly and
indirectly impacts perceived
cognitive function (P<0.02)
according to the SEM model
(P<0.01-0.05)

Time of
measurements

Case Ν=90 BCS
PSS
FACT-Cog
All tests were
6 months to 10 years			
administered within
post-chemotherapy			
6 months to 10 years
(average 3 years),			
post-chemotherapy
patients receiving HT included.				
Age 20-65 years,				
stages I-III.

Measures of
cognitive parameters

Modifiable correlates
USA
Cross90
of perceived cognitive
(Texas)
sectional		
function in breast cancer				
survivors up to 10 years				
after chemotherapy				
completion, Henneghan 				
et al, 2018, (31)				

Measures
of stress

The older-aged survivors reported
lower levels of subjective
stress (M=4.59, SD=2.38)
and cognitive difficulties
(M=1.17, SD=1.07), compared
to the younger-aged survivors
(M=5.38, SD=2.84 and M=1.66,
SD=1.23, P<0.01-0.05).
The association between age and
cognitive difficulties was linear
and negative, and statistically
significant, meaning that the higher
the age, the lower the symptoms.
Subjective stress mediated the effect
of age on cognitive difficulties

Sample
characteristics

Symptom cluster of
Israel
Cross170
Case N=120 BCS aged 20-59 Subjective Cognitive difficulties
All tests were
emotional distress, 		
sectional		
and N=50 BCS aged 60-82,
stress scale scale (four-item
administered
fatigue and cognitive				
stages I-III, 1-12 months
BSI 18
subscale taken from
within 1-12 months
difficulties among				
post-chemotherapy,		
the EORTC QLQ)
post-chemotherapy
young and older				
patients receiving				
breast cancer survivors:				
HT and BT included,				
The mediating role of				
with no current				
subjective stress,				
evidence of disease				
Levkovich et al, 								
2018, (30)								
							
								
								
								
								

No. of
patients

Case: Psychological stress was
significantly correlated with
subjective cognitive function
(Spearman's rho: -0.3 to -0.4, P<0.05).
Control: Fewer correlations
between POMS' subscales and
subjective cognitive function
were found (Spearman's rho:
-0.2 to -0.3, P<0.05)

Study
design

Cognitive function
Denmark Case-control
348
Case n=124, <60 years
POMS
Four questions
All tests were
and quality of life
(North			
old female, right after		
about memory,
administered in
after surgery for
Jutland)			
primary breast cancer		
concentration/attention,
a mean 34.5 days
early breast cancer in				
surgery, no metastasis. 		
mental fatigue and vitality
after surgery
North Jutland, 				
Control n=224, female,		
from the ISPOCD 2 and
(19-75 days) for
Denmark, 				
age matched, not prior		
4 tests: VL test, CS test,
the cases and at
Debess et al,				
history of any		
SCWI test, LDC test.
the date of inclusion
2009 (29)				
type of cancer		
DART
for the controls
								

Study [Author, 		
year (Ref.)]
Country

Table I. Continued.
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Study
design

No. of
patients

Sample
characteristics

Measures
of stress

Measures of
cognitive parameters

Time of
measurements

Case: Patients demonstrated
overall cognitive decline
(group*time effect on composite
z-score: -0.13, P ¼ .04) and
scored consistently worse
on Go/Nogo errors.
The latter effect was mediated
by PTSD symptoms (mediation
effect: B ¼ 0.15, 95% confidence
interval ¼ 0.02 to 0.38). Only
patients receiving chemotherapy
exhibited a declined reaction
time on a computerized
alertness test at 1 year.
Overall, cognitive performance
correlated with self-reported
cognitive problems at one
year (T3) (T ¼ -0.11, P ¼ .02).
Control: Controls performed
consistently better than patients
on a computerized measure of
behavioral control and
Go/No go errors

Main findings

BC, breast cancer; BCS, breast cancer survivor; BC+SYST group, breast cancer patients receiving systemic treatment; BC group: breast cancer patients not receiving systemic treatment; NC group: non-cancer control group; PSS,
perceived stress scale; IES, impact of events scale; COWA test, controlled oral word association test; BADS-Zoo Map test, behavioral assessment of the dysexecutive syndrome - Zoo Map Test; TMT parts A&B, trail making test
parts A&B; EFT: Eriksen fanker task; VRT test, visual reaction time test; DS of the WAIS-III, digit span of the Wechsler adult intelligence scale III; VRT of the WMS-R, visual reproduction test of the Wechsler memory scales
revised; HVL-R test, Hopkins verbal learning test revised; DSC test of the WAIS-III, digit symbol-coding test of the WAIS-III; FT, finger tapping; CPT, cold pressor test; WMS-III, Weschler memory scale III; CSC-Modified,
cognitive symptoms checklist-modified; CNSVS, central nervous system vital signs; POMS, profile of mood states; ISPOCD 2, international study of post-operative cognitive dysfunction; VL test, visual learning test; CS test,
concept shifting test; SCWI test, Stroop color word interference test; LDC test, letter-digit coding test; DART, Danish adult reading test; HT, hormonal treatment; BT, biological treatment; EORTC, the European organization for
research and treatment of cancer; QLQ, quality of life questionnaire; SEM, structural equation model; FACT-Cog, cancer therapy-cognitive function instrument version 3; TES, traumatic events survey; DSM-IV, diagnostic and
statistical manual of mental disorders version 4; PTSD, post-traumatic stress disorder; VLMT, verbal learning and memory test; FEDA, questionnaire of experienced deficits of attention.

Chemotherapy and
Germany
Longitudinal,
226
Case n=166
Structured
Alternate forms
T1: Prior to
post-traumatic stress		
case-control		
BC patients, aged
clinical
of the VLMT
primary surgery
in the causation of				
18 and 65 years,
interview
cognitive difficulties
or neoadjuvant
cognitive dysfunction				
female sex, diagnosed
according
scale (four-item
chemotherapy
in breast cancer patients,				
with yet untreated
to DSM-IV
subscale taken from
for breast cancer
Hermelink et al, 2017 (33)				
stage 0 to IIIc BC,
criteria
the EORTC QLQ)
patients and a
				
scheduled to receive
for PTSD
FEDA
minimum of one
				
appropriate treatment			
week after negative
				
Control n=60, female,			
breast imaging for
				
age matched, negative			
control subjects;
				
BC imaging or not			
T2: ≥1 week after
				
prior history of any			
completion of
				
type of cancer			
chemotherapy or at
							
matched intervals
							
after T1
							
T3: 1 year after T1.
								
								
								
								
								
								
								

Study [Author, 		
year (Ref.)]
Country

Table I. Continued.
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Moreover, Menning et al demonstrated that patients with
cognitive dysfunction experienced higher levels of anxiety
compared to the non‑impaired, irrespectively of whether
they were receiving or adjuvant therapy not (26). Specifically,
the authors found that impaired patients exhibited a worse
physical (P=0.002) and social functioning (P=0.004), and
more symptoms of anxiety and depression (P=0.008) at
6 months post‑chemotherapy, compared to the non‑impaired
patients. With respect to job‑related stress, this was found to
be significantly associated with both objective and subjective
cognitive limitations at work, compared to the controls (28).
In a study with an experimental stressor task, the patients with
breast cancer exhibited neither cortisol release nor memory
enhancement in response to the stressor, unlike the healthy
controls (27). Two studies looking into the trauma‑related
stress found a stress‑mediated association between cognitive
dysfunction in chemotherapy‑treated breast cancer patients,
as reported in both subjective (32,33) and objective cognitive assessments (33). As regards older‑aged patients treated
with chemotherapy, it was demonstrated that lower levels
of subjective stress mediated the inverse association of age
with self‑rated cognitive deficits, as opposed to younger‑aged
patients (30).
As for the quality appraisal of the included studies, it was
found to be modest as for the selection subscale, perfect as for
the comparability scale, and insufficient as for the exposure
subscale. The total scoring of the Newcastle‑Ottawa Scale for
the eight studies ranged from 4 to 8 stars. A detailed display of
the qualitative analysis of the eligible studies of this systematic
review according to the criteria of the Newcastle‑Ottawa Scale
is presented in Table II.
4. Involvement of stress, age and adjuvant therapy on
cognitive function of patients with breast cancer
This review aimed to search for the association between stress
and cognitive function in systematically treated patients with
breast cancer, bearing in mind the role of age in this association. The results obtained from our search indicated that
research to date has mainly focused on non‑elderly patients
with the exception of one study (30). The scarcity of such
results downgrades the comparability of the findings, but does
not debar a critical appraisal of the results.
In total, all of the included studies revealed an association
of some aspect of stress with some cognitive parameters. Both
generalized stress, job stress and post‑traumatic stress disorder
symptoms do seem to mediate cognitive deficits in systemically
treated patients, although such difficulties were reported, yet to
a lesser degree, to breast cancer patients not receiving systematic treatment (26,29,33). Age was found to be ass with lower
stress levels in patients with breast cancer >65 years of age (30),
which is in line with previous studies (14,34‑36) and the lower
stress levels were in turn associated with better cognitive function, as shown in the studies included in this review.
Depression is an important confounding factor that should
be considered, keeping in mind the well‑known burdening
effect it has on cognitive function and the increased prevalence of affective disorders in oncologic patients (37,38). Only
one study did not conduct an assessment of depression (27).
Five studies assessed and included depression in a regression
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analysis/linear mixed effects model, with no significant changes
of the main findings (28,30,31‑33). In 2 studies (26,29), depression as a covariate was not associated with objective tests of
cognitive function. Thus, we have grounds to believe that our
results were not affected by the presence of a mood disorder.
Moreover, a factor increasing the internal validity of our
findings is the use of neuropsychological assessments to
evaluate cognitive function, which are considered highly reliable (39).
Future research should focus on the investigation of the
stress‑mediated cognitive dysfunction in elderly patients
with breast cancer, since as indicated by the results of this
systematic review, only studies for the non‑elderly population
were located. Particular emphasis should be placed on the
cognitive domains that tend to decline with age, i.e., memory,
processing speed, etc., as opposed to those which remain relatively intact, such as language skills. Studies have shown that
cognitive function is impaired for at least 2 years following
diagnosis and treatment in elderly patients, whereas follow‑up
measurements in studies with younger patients have not shown
such a maintained effect. A large longitudinal Chinese study
of 1,300 chemotherapy‑treated patients with breast cancer
between the ages of 20 and 75 demonstrated significant
cognitive improvement at the 18 and 36 months of follow‑up;
however, this improvement was significantly lower for older
patients (4). Likewise, a Canadian study of 100 patients with
breast cancer with a median age of 48 years revealed a significant reduction in adjuvant therapy‑related cognitive deficits
at 1 and 2 years post‑treatment (40). By contrast, cognitive
dysfunction seemed to persist for at least 2 years among a
tamoxifen‑treated population of 179 Dutch post‑menopausal
patients with breast cancer with a mean age of 68 years (41).
Still, a long‑term dysfunction in brain areas related to cognitive
function has been shown in Positron Emission Tomography
studies of younger patients; however, since there are no neuroimaging studies investigating long‑term cognitive function in
older patients, a comparison between the two age groups is of
greater difficulty (42,43).
Furthermore, since cognitive dysfunction is a partially
stress‑mediated treatment side‑effect, future research should
look into a potentially beneficial effect of stress management
techniques on the cognitive function of patients with breast
cancer. These types of methods, i.e., progressive muscle
relaxation, either on their own or as a part of combinational
programs including different techniques, have been shown
to decrease the psychological burden and stress levels in this
patient group (44,45). Therefore, clinicians should keep a low
threshold for offering psychotherapy and medication treatment
for stress in these patients. An integrative model of medical
care, in which the various patients' needs (e.g., medical, nursing,
psychosocial) are compiled, and has been shown to improve
their quality of life and, possibly, clinical outcomes (46).
5. Limitations to the data interpretation
Despite the clinical importance of stress management in
patients with breast cancer, there are several limitations to
take into account as regards the interpretation of our results,
particularly given the heterogeneity of the included studies.
Significant differences were noted regarding treatments used
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8

5
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★			★
interview where blind to
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Yes			
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Control group
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Study controls matched for age
of menarche, menopausal status,
age at any childbirth, lifetime
estrogen exposure, working
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marital status,premorbid IQ,
income, current occupation,
primary occupation, medication
for other physical or psychiatric
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contraceptives use etc.

Study controls matched
for age and sex

Total quality score (maximum 9)		

2. Same method cases
and controls
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1. Ascertainment of exposure

C. Exposure (maximum 3)

1. Comparability of cases
and controls on the basis
of the design or analysis
2. Study controls for any
additional factor

Menning et al, Andreano et al,
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of the cases
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Table II. Newcastle-Ottawa scale (NOS) for the assessment of the quality of case control studies (adjusted to the criteria of the present systematic review).
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or combined (chemotherapy, endocrine treatment and radiotherapy, with or without surgery), patient traits (as per age and
various demographic data, i.e., level of education) and methodologies utilized.
First, in all groups treated with chemotherapy, patients
receiving other types of systematic treatment (i.e., endocrine therapy ± radiotherapy) were not excluded; therefore,
any outcome on cognition cannot be solely interpreted as a
direct effect of chemotherapy. It is well known that beyond
chemotherapy, endocrine therapy with or without radiotherapy
have also been linked to the impairment of the cognitive function of patients with breast cancer (47‑49). Still, the majority
of patients, in the publications included in this review, were
either under chemotherapy at the time of the study or had
received chemotherapy from 2 weeks up to 10 years earlier
had long‑lasting cognitive impairment (50‑52).
In addition, there may be a possible bias in the assessment
of cognitive function, given that 3 of the studies (30‑32) used
self‑rated questionnaires, whereas 4 of them used both objective
and subjective methods (26,28,29,33). Therefore, recall bias
and an ‘over‑alertness’ of patients regarding cognitive symptoms, in addition to psychological reasons, may have affected
the cognitive function assessment. However, interestingly
enough, 2 two of the studies that used both methods, subjective
evaluation correlated with objective performance (28,33).
Moreover, all studies including neuropsychological assessments are vulnerable to external validity limitations. These
batteries may be both valid and reliable, but they do not reflect
the responder's performance in the ‘real world’ and thus the
use of such measurements decreases the generalizability of the
findings. In other words, they burden a small effect size (53).
In this review, this limitation was obvious in the study by
Calvio et al (28), where the objective cognitive assessment
failed to predict a decline in work output of patients, in contrast
to the self‑evaluated cognitive function instrument.
As far as the internal validity is concerned, according to
the Newcastle‑Ottawa Scale scoring, the ascertainment of
exposure in patients and healthy individuals was not adequate
in 6 out of 8 studies (26‑28,30,31,33). Furthermore, only 3 have
reported same method of exposure ascertainment in patients
and a healthy population (28,30,33). These findings indicate
that there is a high risk of bias for the results of the majority of
studies (26,27,29‑32).
Finally, there is also a concern regarding the use of cortisol
levels to assess stress in 2 of the studies (27,32). Previous data
have yielded inconsistent results of a correlation between
self‑reported measures and stress biomarkers, including
cortisol (54). Furthermore, a relevant study on patients with
breast cancer assessing stress through the perceived stress
scale and cortisol levels found no association between these
measurements (55). Taken together, all the above are questioning the reliability of cortisol as a stress‑related indicator
in this patient group.
Hence, our findings are better interpreted as a general
tendency to a correlation between stress and cognitive function in breast cancer patients, rather than a firm deduction.
In conclusion, this review supports that the cognitive
dysfunction of patients with breast cancer may be partially
stress‑related, at least among the non‑elderly population.
Future research should investigate a potential effect of stress
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on the cognitive function of elderly patients, considering their
increased risk for age‑related cognitive disorders. Moreover,
oncologists should be aware that even though chemotherapy
has a considerable impact on the cognitive function of
patients with breast cancer, this phenomenon may be partially
stress‑related, and therefore it should be addressed promptly.
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