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Abstract

Objective: Clinical reports have shown that adjuvant chemotherapy has a negative impact on perceived
cognitive impairment (PCI) of patients with breast cancer; however, evidence concerning the effects of
psychological factors such as post-traumatic stress disorder (PTSD) symptoms on PCI is limited,
especially in relation to Chinese patients with breast cancer. This research investigated the associations
between psychological factors and PCI in Chinese women with breast cancer.

Methods: In total, 204 women with breast cancer were assessed for PCI, PTSD symptoms, fatigue,
anxiety, and depression using self-report measures. Hierarchical linear regression was conducted to
investigate the associations between the variables of interest and PCI.

Results: Two hundred and two women were included in the final analysis; two of those originally
tested were excluded because of missing data. A univariate analysis showed that PCI was significantly
related to education, PTSD symptoms (re-experience, avoidance, and hyperarousal), fatigue, depres-
sion, anxiety, and undergoing chemotherapy or radiotherapy. Hierarchical linear regression revealed
that PTSD symptoms and fatigue (AR? =0.26, P < 0.001) independently accounted for PCI in Chinese
women with breast cancer regardless of age, education level, chemotherapy and radiotherapy. Hyper-
arousal was the only contributing PTSD symptom to PCI (B =—1.24, SE=0.33, f=—0.39, P < 0.001).
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Conclusions: Besides chemotherapy, PTSD symptoms, especially hyperarousal, and fatigue are im-
portant risk factors for significant PCI and are therefore worthy of further investigation.
Copyright © 2014 John Wiley & Sons, Ltd.

Introduction

Breast cancer is one of the most prevalent dangers to
women’s physical and mental health. A growing body of
research indicates that female patients with breast cancer
experience perceived cognitive impairment (PCI) after
treatment [1-4]. As subjective cognitive dysfunctions,
PCI seriously impacts quality of life (QOL) and functional
abilities of patients nor does objective cognitive impair-
ment (e.g. neuropsychological) [5-7]. Furthermore, PCI
is considered as having a better ecological validity than
neuropsychological cognition [8]. Chemotherapy was
once considered to be the main culprit for these cognitive
deficits [1-4,9]; however, results from longitudinal studies
have shown that women with breast cancer evidence
reduced cognitive performance when compared with
healthy controls even before they undergo chemotherapy
[10,11]. This finding suggests that other risk factors could
be responsible for the cognitive decline witnessed in
patients with breast cancer. In addition to chemotherapy,
there is some evidence that psychological factors such as
anxiety, depression, and fatigue are also related to PCI
[7,12]. Nevertheless, the relationships between these need
to be investigated further [12].

Copyright © 2014 John Wiley & Sons, Ltd.

Post-traumatic stress disorder (PTSD) is classified as a
psychiatric disorder that is characterized by symptoms of
re-experience, avoidance, and hyperarousal, according to
the Diagnostic and Statistical Manual of Mental Disorder,
Fourth Edition (DSM-1V) [13]. Life-threatening illness,
such as cancer, is one of the causes of PTSD listed in
the DSM-IV. In women with breast cancer, PTSD inci-
dence ranges from 0 to 32% [14,15]. Previous studies
have shown that PTSD is a risk factor for cognitive defi-
cits in older adults [16], patients with schizophrenia [17],
and veterans [18]. This suggests that PTSD may also
explain the cognitive deficits in women with breast cancer
to some extent.

There are two theories that have linked PTSD with cogni-
tive impairment. One is the theory of self-regulation, which
posits that the resources used for cognitive tasks are limited
because the stress from the cancer diagnosis is using up all
that are available [19]. The other is the idea that stress expo-
sure activates the hypothalamic—pituitary—adrenal (HPA)
axis for adaption, which may induce the hypoactivation of
the HPA axis and impair the hippocampal structure [20],
which is associated with important cognitive functions such
as memory [21] and executive function [22]. Most likely,
PCI of patients with breast cancer can be explained under
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the first theory. Although evidence has indicated that PTSD
might impair cognitive function in women with breast can-
cer, studies examining PTSD as one of the risk factors for
PCI in this population are few. Reid-Arndt et al. reported
that self-related stress was correlated with neuropsychologi-
cal cognitive deficits (such as memory, attention, and verbal
fluency difficulties) [23]. PTSD was not discussed directly
but rather in terms of the perception of stress presented in
that study, and its relationship with subjective cognitive
impairment/PCI was not evaluated. For this reason, our
efforts are focused on evaluating PCI’s association with
PTSD, in addition to fatigue, anxiety, and depression.

Compared with Western countries, the incidence of
breast cancer in China has traditionally been low; how-
ever, it has grown rapidly in recent years [24]. Recent data
have shown that the prevalence of breast cancer for
Chinese women is 129.3/100,000 [25], which indicates
that there are a large number of women with breast cancer
for the huge population base of China. Because this is
such a widespread issue, it is clear that more attention
should be paid to the cognitive disturbances experienced
by these women; however, research into the PCI of
Chinese patients with breast cancer is scant. Compared
with Western countries (e.g. America), there are some
specificities of Chinese breast cancer patients: (1) younger
age at onset of breast cancer, (2) shorter lifetime duration
of breastfeeding resulting from the unique one-child
policy, (3) lower screening rates and longer delays in
breast cancer diagnosis, and (4) lower frequency of
breast-conserving surgery [26]. Therefore, it is very neces-
sary to evaluate PCI and its related factors in Chinese
women with breast cancer.

In this study, we investigated the extent to which che-
motherapy and psychological factors (PTSD, fatigue,
anxiety, and depression) were related to PCI in Chinese
patients with breast cancer. We hypothesized that (1)
chemotherapy was associated with PCI after controlling
for related characteristic variables and (2) PTSD and other
psychological factors were associated with PCI over and
above chemotherapy and related characteristic variables.

Methods

This cross-sectional, observational study was conducted at
Shandong University’s Qilu Hospital and was approved
by the Research Ethics Committee of the Nursing School,
Shandong University.

Participants

Patients with breast cancer were recruited for this study if
they were at least 1 week post-surgery following the
removal of a cancerous breast mass, whether they had re-
ceived chemotherapy or were planning to have chemo-
therapy. The patients were recruited at the hospital
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when they went to receive the first cycle of chemother-
apy after surgery or for the second or later cycles of
chemotherapy. The inclusion criteria were (1) female,
(2) a breast cancer diagnosis made by an oncologist,
followed by breast surgery, (3) aged 20-60, and (4)
ability to read and understand Chinese. The exclusion
criteria were (1) brain metastasis, (2) history of mental
illnesses (e.g. schizophrenia, dementia), and (3) unable
to provide informed consent. All participants were
aware of their breast cancer diagnosis at the time
of recruitment.

Measures

PCI was measured by the 20-item PCI subscale of the
Chinese version of the Functional Assessment of Cancer
Therapy-Cognitive Function (FACT-Cog) Version 3,
which was used to measure participants’ subjective cogni-
tive function over the past week [27,28]. The Chinese
version was translated according to rigorous guidelines and
was tested to ensure sound concurrent and convergent
validity, internal consistency (Cronbach’s a=0.707-0.854),
and test-retest reliability (intraclass correlation coeffi-
cient=0.693-0.793) [28]. A higher score for each domain in-
dicated better functioning. The Cronbach’s o of FACT-Cog
was 0.874-0.959 in our sample.

The PTSD Checklist-Specific Stressor Version (PCL-S)
[29], a 17-item self-rating questionnaire using a five-point
Likert scale (from 1 ‘not atall’ to 5 ‘extremely’), was used
to assess PTSD symptoms (re-experiencing, avoidance,
and hyperarousal) in women with breast cancer. Both the
original and Chinese versions of the PCL had sound psy-
chometric properties for use in various traumatic popula-
tions (Cronbach’s a=0.77-0.82 for the Chinese version)
[30,31]. In this study, participants were instructed to com-
plete the PCL in reference to the ‘breast cancer’, and the
Cronbach’s a for the PCL was 0.945.

Fatigue was measured by the Chinese version of the
Functional Assessment of Chronic Illness Therapy—Fatigue
(FACIT-F), Version 4. This scale demonstrated good con-
struct validity and internal consistency (Cronbach’s o.=0.93)
[32]. Summing up each item score yielded a total score.
The higher the total score, the better the functioning. In
this study, Cronbach’s a of the FACIT-Fatigue scale
was 0.910.

The Chinese version of the Hospital Anxiety and
Depression Scale (HADS) was used to measure depression
and anxiety [33,34]. This is a 14-item self-report scale, with
seven items assessing depression symptoms (HADS-D) and
the others assessing anxiety symptoms (HADS-A) that had
been experienced in the past week. The Chinese version of
the HADS has demonstrated good concurrent validity and
internal consistency (Cronbach’s a=0.76-0.81). In our
study, the Cronbach’s o of HADS-D was 0.811, and the
same measure for the HADS-A scale was 0.836.
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Statistical methods

Univariate relationships among study variables were ana-
lyzed with Spearman correlation analysis and nonparamet-
ric tests (Mann—Whitney U tests). Spearman correlation
analysis was used to analyze the associations between
continuous variables and ordinal categorical variables. The
relationship between dichotomy variables (e.g. presence or
absence of chemotherapy treatment) and PCI was analyzed
with Mann—Whitney U tests. Given that demographic and
other clinical factors might contribute to the relationship
between chemotherapy, psychological factors, and PCI,
we performed hierarchical linear regression with the PCI
score of FACT-Cog as the dependent variable. Age, educa-
tion [35], and demographic variables that were statistically
significant (P < 0.1, two tailed) in the univariate analysis
were included in the regression model in block 1 as control
variables, and significant (P < 0.1, two tailed) clinical vari-
ables in the univariate analysis were included in block 2.
This method was used in the case of detraction from the sta-
tistical power. All psychological factors were inputted in
block 3. An alpha level of P <0.05 (two tailed) was used
to establish statistical significance.

Results

Participants’ characteristics

After taking the inclusion and exclusion criteria into con-
sideration, 221 women were eligible to participate, but 17
refused. Two subjects were excluded because of missing
PCL-S and HADS values; thus, we had a total sample of
202 subjects from which we could receive data to be used
for the statistical analyses. Those who refused to partici-
pate in the study did not differ significantly on age in
comparison to those who completed the study (45.8+6.9
vs 45.2+8.0, P=0.771).

As shown in Table 1, the majority of participants were
Han (98%) and married (99%). Almost three fourths
(71.8%; n=145) of them had completed senior high
school or higher. Over 80% (88.7%; n=181) of the
patients were in stage O-III at the time of diagnosis. Fifty
percent of the patients (n=101) were receiving chemo-
therapy at the time of recruitment, and most of them
(80.2%) had received 6 or fewer cycles. Nine (4.5%)
patients received radiotherapy, and 11 (5.4%) received hor-
mone therapy. The descriptions of PCI, PTSD symptoms,
fatigue, anxiety, and depression are presented in Table 2.

Univariate relationships among the study variables

Spearman correlation analyses were used to evaluate the
bivariate relationship between sociodemographic and
some clinical characteristics (age, education, cancer stage,
hemoglobin level, and BMI), psychological factors (PTSD
symptoms, fatigue, anxiety, and depression), and PCI.

Copyright © 2014 John Wiley & Sons, Ltd.
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Table |. Demographic and clinical characteristics of the patients
(n=202)

n valid % MtSD
Age (years) 452 +£80
Education
Junior high or lower 57 282
Senior high/intermediate general 70 347
Higher general 38 18.8
Graduate/postgraduate 37 183
Race
Han 198 98.0
Hui 4 20
Marital status
Single 2 1.0
Married 200 99.0
Cancer stage®
0 I 54
I 47 233
Il 80 39.6
i 41 203
Y 23 114
Postmenopausal 55 272
Hemoglobin level (g/ml) 1222+ 139
BMI 245+£37
Receipt of chemotherapy
Yes 101 50.0
No 101 50.0
Number of cycles of chemotherapy
|-3 cycles 36 17.8
4-6 cycles 45 223
>6 cycles 20 99
Receipt of radiotherapy 9 4.5
Receipt of hormone therapy I 54
SD, standard deviation
“using AJCC/UICC TNM Classification.
Table 2. Descriptive data for the study variables
25" 75%" Obtained Possible
quartiles  quartiles range range
PCl 53 70 18~72 0~72
PTSD symptoms 21 36 17~8l 17~85
Re-experience 6 I 5~2I 5~125
Avoidance 8 15 7~35 7~35
Hyperarousal 6 I 5~25 5~25
Fatigue 29 43 0~52 0~52
Anxiety 3 9 0~2l 0~2I
Depression I 8 0~2l 0~2l

More PCI was significantly associated with lower education
(r=0.18, P=0.009) and more PTSD symptoms (r=—0.54
for total score, —0.47 for re-experience, —0.45 for avoid-
ance, and —0.57 for hyperarousal; P <0.001), higher
fatigue (r=0.48, P <0.001), anxiety (r=—0.39, P <0.001),
and depression (r=—0.41, P <0.001).

The Mann—Whitney U test was used to compare PCI dif-
ferences between two dichotomous groups: postmenopausal
(yes/no), and receipt of chemotherapy, radiotherapy, and
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hormone therapy (yes/no). The results indicated that
chemotherapy and radiotherapy were significantly associ-
ated with more PCI (Table 3).

Hierarchical linear regression models of PCl

The models were first assessed for absence of multi-
collinearity [VIF=(1.09-3.89) < 10]. There was no multi-
collinearity found, indicating that it was appropriate to
include all independent variables in the regression models.
The hierarchical linear regression model indicated that
significant proportions of PCI variance were accounted
for by PTSD symptoms and fatigue over and above chemo-
therapy and radiotherapy by controlling for age and educa-
tion. As shown in Table 4, chemotherapy was significantly
associated with PCI after controlling for age and education,
but this was not the case for radiotherapy. In block 3, PTSD

Table 3. Comparison of PCl as related to the clinical

characteristics of the binary variables

Median
[
(25th; 75" quartiles)
Postmenopausal 0.778
Yes (n=55) 63 (51;71)
No (n=147) 64 (54, 70)
Receipt of chemotherapy 0.000
Yes (n=101) 67 (58;72)
No (n=101) 61 (50; 68)
Receipt of radiotherapy 0.006
Yes (n=9) 64 (55; 70)
No (n=193) 52 (45; 60)
Receipt of hormone therapy 0.374
Yes (n=11) 64 (53; 70)
No (n=191) 58 (49; 70)

Table 4. Hierarchical linear regression for variables associated
with PCI (n=202)

B SE p AR
Block | 0.03*
Age —0.08 0.09 —0.05
Education 1.94 0.70 0.17%*
Block 2 0.09%#*
Chemotherapy —4.08 1.50 —0.16%*
Radiotherapy 097 361 0.02
Block 3 0.26%#*
PTSD symptoms —0.39 0.10 —0.37%#*
Fatigue 0.39 0.10 0.30%##*
Anxiety 0.0l 0.30 0.00
Depression 0.25 0.34 0.08
Total model
R’ 0.38
F [ 4.96%#*
*P < 0.05,
#*P < 0.01,
*EP < 0.001

Copyright © 2014 John Wiley & Sons, Ltd.

symptoms and fatigue entered the regression model and
accounted for 26.0% of the variance in PCIL. This model
explained 38.3% of the PCI variance. In order to identify
how the three PTSD symptoms were associated with PCI,
a specific hierarchical linear regression model was per-
formed with them instead of the total PTSD symptoms
included in block 3. Among the three symptoms, only
hyperarousal entered the model (B=-—1.24, SE=0.33,
f=-0.39, P<0.001; total R*=0.41, F=13.34, P <0.001),
and it, together with fatigue, contributed 28.8% of the PCI
variance. The results showed that chemotherapy was
significantly associated with PCI, and PTSD symptoms,
especially hyperarousal and fatigue, were significantly asso-
ciated with PCI beyond the other factors.

Discussion

This study sought to examine the relationships between
chemotherapy, psychological factors, and PCI in Chinese
patients with breast cancer. The results of this research
suggested that PTSD symptoms, especially hyperarousal
and fatigue, were associated with PCI over and above
chemotherapy in patients with breast cancer after control-
ling for age and education. Specifically, PTSD symptoms
and fatigue contributed much more to PCI than did
chemotherapy.

To the best of our knowledge, this is one of the first
published studies to examine cognitive changes in
Chinese patients with breast cancer. Only one recent study
reported the effects of cancer treatment on attentional
functioning [36], and two more studies evaluated the neu-
ropsychological cognitive changes of patients with breast
cancer [37,38]. However, attentional function is only one
of the domains of cognitive function. Difficulties in sub-
jective cognitive function, rather than objective cognitive
function, are most frequently associated with QOL and
daily functioning [5,7]; therefore, it is crucial to assess
subjective cognitive function (such as PCI) in addition to
objective cognitive functioning.

Consistent with prior studies, chemotherapy here is
shown to have a significant relationship with PCI [1-4,9].
Many mechanisms by which chemotherapy impacts
cognitive functioning have been postulated, including direct
neurotoxic injury, immunologic changes, and endocrine
disorders, but no single mechanism can explain the cogni-
tive changes observed in patients with cancer after chemo-
therapy [9]. ‘Chemo-brain’ or ‘chemo-fog’ is recognized
as a cognitive impairment, an adverse effect of chemo-
therapy, and most of the existing studies focus on chemo-
therapy as the reason for cognitive decline. Recently,
some longitudinal studies have found that patients with
breast cancer perform worse in comparison to matched
healthy controls on cognitive function examinations before
chemotherapy begins [10,11]. Results from a functional
magnetic resonance imaging study indicated that patients
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with breast cancer perform worse on selective attention and
working memory tasks before chemotherapy compared
with healthy controls [39]. The results of this current study
emphasize the importance of considering psychological
factors, especially PTSD symptoms, in conjunction with
chemotherapy in an effort to understand the factors that
contribute to cognitive disturbances of patients with
breast cancer.

This study adds to the existing literature by showing
that PTSD symptoms and fatigue are associated with cog-
nitive changes, even in the absence of chemotherapy.
Among the psychological variables, fatigue has been
investigated most frequently, with strong evidence from
prior literature supporting the idea that cancer-related
fatigue is associated with PCI [12,40] and with the objec-
tive cognitive functioning of patients with breast cancer
[41]. Fatigue and cognitive changes possibly share the
underlying mechanisms that are influenced as a result of
the secondary effects of systemic inflammation. TNF-a,
as a marker of inflammation, was reported to be associated
with cancer-related fatigue [42] and increased memory
complaints [43].

Most evidence suggests that people with PTSD
exhibit poorer performance in cognitive tests com-
pared with those without PTSD [16,17]. A breast
cancer diagnosis is traumatic for many women, and
20.1% may report cancer-related PTSD symptoms at
3 months post-surgery [14]. However, PTSD is first
evidenced as one of the associated factors of cognitive
decline in patients with breast cancer in the present
study, even though one of the studies we mentioned
earlier regarded it as merely a result of stress [23].
One explanation of the association between PTSD
and cognitive functioning in patients with breast
cancer is the theory of self-regulation, which considers
that the resources used for behaviors requiring self-
control is limited [19]. Patients with breast cancer
use their resources to focus on the perceived threat
(the diagnosis of breast cancer); thus, there is a short-
age of resources available for use in other tasks, and
this can result in problems with logical thinking and
reasoning, cognitive extrapolation, reading comprehen-
sion [44], and working memory [45], all of which are
important cognitive domains. Hyperarousal symptoms
were common in patients with cancer, and the patients
became highly sensitive to physical symptoms for the
fear of relapse [46]. Although there is little evidence
regarding the association between hyperarousal and
PCI, researchers have found that hyperarousal is re-
lated to lower levels of energy/vitality and subjective
emotional health [47,48], all of which have been dem-
onstrated to be related to PCI [7,12].

Nonetheless, this study reveals that the effects of
anxiety and depression on PCI fail to reach statistical
significance, and this is inconsistent with previous

Copyright © 2014 John Wiley & Sons, Ltd.
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results that showed how anxiety and depression are
associated with subjective cognitive deficits. The possi-
ble reasons for this result include a stronger influence of
PTSD on PCI or interference from core PTSD symptoms
(e.g. hyperarousal, including difficulty concentrating)
on PCL

One of the limitations of this study is that we cannot
report the incidence of significant PCI because there is
no cutoff score for the FACT-Cog; however, the FACT-
Cog is a comprehensive self-report scale and has been
robust enough to evaluate the PCI of patients with cancer
until now [4]. Patients with breast cancer in Singapore
rated their PCI as a median score of 63 with chemotherapy
and 68 with no chemotherapy [4]. A median score of 61
with chemotherapy and 67 with no chemotherapy was
reported in our study. This indicates that patients in this
study reported similar cognitive functioning with the
Singapore patients.

However, some other limitations of this study should be
discussed. First, we did not assess objective cognitive
functions to evaluate whether they were consistent with
subjective cognitive functions. Second, the results cannot
be generalized to older patients because patients older than
60, who are naturally at greater risk of cognitive decline,
were excluded [49]. Their children do not often tell them
of their breast cancer diagnoses because they want to pro-
tect them from feelings of fear and despair. This is consis-
tent with traditional Chinese attitudes and behaviors.
Based on this tradition, another limitation was the general-
ization of our results to patients living in different cultures
(e.g. Western countries). However, cancer, as one of the
most life-threatening illnesses, can be traumatic to women
living in any culture.

In conclusion, chemotherapy is associated with PCI
in Chinese women with breast cancer. PTSD symp-
toms, especially hyperarousal and fatigue, are risk fac-
tors of PCI independent of chemotherapy. This pilot
study points to the necessity of investigating the PCI
situation in Chinese patients with breast cancer and
the role PTSD may play in any possible intervention.
Further longitudinal design studies are needed in order
to corroborate the results of the present study and to
add an examination of more objective measures of
cognitive functioning, as well as an investigation of
the mechanisms underlying the results.
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