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Introduction
Breast cancer is currently the most common malignancy in 

females world-wide. In Japan, an estimated 89,400 women were 
affected by breast cancer in 2015. Multiple randomized trials have 
shown that adjuvant chemotherapy improves long-term survival for 
most women with breast cancer. However, mild to moderate cognitive 
impairment following adjuvant chemotherapy for breast cancer, also 
known as “chemofog” or “chemobrain,” are reported in 15%–75% 
of breast cancer survivors (BCSs).1–6 Several hypotheses regarding 
the etiology of chemotherapy-associated cognitive impairments have 
been proposed, including disruption of hippocampal cell proliferation 
and neurogenesis,7 chronic inflammation,8,9 increased oxidative 
stress,8 white matter disruption,10–12 and long-term changes in cerebral 
blood flow and metabolism.13 However, detailed mechanisms and 
interventions for chemotherapy-associated cognitive impairments 
have not been established.

Chemotherapy-associated cognitive impairment is defined 
as impairment in cancer survivors’ memory, learning, attention/
concentration, reasoning, executive function, processing speed, and 
visuospatial skills during chemotherapy and after its discontinuation.14 

In contrast with neurodegenerative dementias such as Alzheimer 
disease, relatively subtle impairment is found in neurocognitive tests, 
and the performance of cancer survivors treated with chemotherapy 
often falls within the average range,5 even though they experience 
difficulties caused by cognitive impairments. Given this situation, 
a variety of problems performing household chores or occupational 
activities that are associated with cognitive impairments may be 
missed or misunderstood by those close them, such as family 
members. This may result in emotional and/or behavioral effects 
and cause cancer survivors to feel isolated from other people and/or 
social activities, leading to depression. Thus, cognitive impairment 
is an important symptom in cancer survivors. However, research 
in this area is surprisingly limited compared to other psychological 
problems, such as depression.15

At present, an increasing number of studies are being conducted to 
investigate chemotherapy-associated cognitive impairment; however, 
these studies are primarily conducted in Western countries. Although 
researchers in Asian countries have gradually begun to focus on this 
condition, few studies have addressed this issue in Japanese cancer 
survivors.
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Abstract

Background: Mild to moderate cognitive impairments following adjuvant 
chemotherapy for breast cancer are reported in 15%–75% of breast cancer survivors 
(BCSs). However, research in this area is surprisingly limited compared to other 
psychological problems in Japanese population. This study aimed to elucidate the 
prevalence of chemotherapy-associated cognitive impairment and its relationship to 
depression in Japanese breast cancer survivors (BCSs).

Methods: Cross-sectional surveys were conducted online in a Japanese breast 
cancer advocacy group. The survey involved a clinical self-reported questionnaire 
for perceived cognitive impairments (PCIs) and the Hospital Anxiety and Depression 
Scale (HADS). The prevalence of PCIs and depression and the relationship between 
PCIs and depression were analyzed. 

Result: A total of 173 survivors were enrolled in this study, of which 98 (56.6%) 
were treated with chemotherapy. Of the survivors treated with chemotherapy, 43% 
were considered depressed. The prevalence of PCIs in the survivors treated with 
chemotherapy was 79%, and 43% experienced more than three types of PCIs. However, 
the recognition rate of these PCIs by other people was significantly lower than the 
prevalence of PCIs in survivors treated with chemotherapy (p<0.0001). Furthermore, 
multiple regression analysis revealed that the number of PCIs significantly correlated 
with the total HADS score in survivors treated with chemotherapy (β=0.320, p=0.001).

Conclusion: Our results suggest that PCIs following chemotherapy are not negligible 
in Japanese BCSs and could be important factors contributing to the development of 
depression.

Keywords: breast cancer survivors, cognitive impairment, depression, chemotherapy, 
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The aims of the present study were to investigate 1) the prevalence 
of perceived cognitive impairments (PCIs) in Japanese BCSs 
(hereafter called “survivors”) who were treated with chemotherapy, 2) 
the recognition of these PCIs by other people, and 3) the relationship 
between PCIs and depression.

Patients and methods
Study design

This cross-sectional survey was administered as an anonymous 
web-based questionnaire to collect demographic information, 
depressive symptoms, and PCIs related to chemotherapy. 

Participants

We sent three e-mails to BCSs who had registered for a breast 
cancer advocacy group (BC network), asking them to participate in a 
web-based survey. The study period was March 1–24, 2014. A sheet 
explaining the aims and methods of the survey was included with the 
questionnaire, and return of the completed questionnaire was regarded 
as consent to participate in the study.

Questionnaire for cognitive impairment

Previous reports1–3,5,16 demonstrated that several domains of 
cognitive function are affected by chemotherapy. Most studies assessed 
cognitive function using detailed neurocognitive tests; however, it 
takes a considerable amount of time to complete those tests. To ensure 
the test used in our study was both feasible and affordable, we referred 
to previous reports and drafted a simple questionnaire to evaluate 
each domain of cognitive function, including memory, concentration, 
attention, and learning and processing. This questionnaire consisted 
of an evaluation of PCIs and recognition of PCIs by other people, 
similar to the Functional Assessment of Cancer Therapy-Cognitive 
(FACT-Cog, version three) (Figure 1).19

i. Have you had any of the following problems since receiving 
chemotherapy? (more than one answer is allowed)

ii. Have you had any of the following comments from other people since 
receiving chemotherapy? (More than one answer is allowed)

1. Difficulty concentrating                  yes/no
2. Slower processing speed in job

 or household chores                       yes/no
3. Shorter  attention  span                      yes/no
4. Memory  loss                                   yes/no
5. Confusion                                          yes/no
6. Getting   lost                                     yes/no
7. Not    applicable                                   yes

Figure 1 Questionnaire to access cognitive impairments.

Questionnaire for psychological condition

To evaluate psychological status, we used the Japanese version of 
the Hospital Anxiety and Depression Scale (HADS).21,22 Kugaya et 
al.22 reported an optimal cut-off point of 10/11 when screening for 
adjustment disorder and major depressive disorder in cancer patients, 
which provided high enough sensitivity and specificity (91.5% 
and 65.4%, respectively)22 to determine when to intervene due to 
psychological distress. Using this cut-off point, we identified the 
participants who needed intervention for psychological distress (11 
HADS score) and categorized them into the depressive group. 

Statistical analysis

Descriptive statistics were used to report sample characteristics, 
the prevalence of PCIs, and depressive state. The differences among 
these variables were analyzed by chi-square tests. To analyze the 
relationship between PCIs and depressive state, a univariate analysis 
or Student’s t-test was used, followed by multiple regression analysis. 
All analyses were performed using the Statistical Package for the 
Social Sciences (SPSS), version 21.

Results
The data of 173 BCSs were analyzed. The mean age of the survivors 

was 50.8±8.3 years (mean±standard deviation [SD]; range, 34–79 
years). Survivors consisted of 170 females (98%) and three males (2%). 
Of the 173 survivors, 98 (56.6%) were treated with chemotherapy. 
The mean age of the survivors treated with chemotherapy was 
50.5±8.4 years (range, 34–79 years). They consisted of 96 females 
(98%) and two males (2%). The mean time after diagnosis was 
0.6±3.8 years (range, 0.6–18.5 years). The types of therapies received 
were 1) chemotherapy (n=98, 100%), 2) hormone therapy (n=69, 
70.4%), 3) radiation therapy (n=60, 61.2%), and 4) surgery (n=92, 
93.9%). The mean HADS score was 11.45±8.08 (range, 1–33), and 42 
(42.9%) survivors treated with chemotherapy had HADS scores ≥11. 
Following the analysis of age, sex ratio, and HADS score, only the 
HADS score was significantly different between the survivors treated 
with chemotherapy and the survivors treated without chemotherapy 
(p= 0.625, 0.724, and 0.043, respectively). Detailed demographic data 
are shown in Table 1. 

The prevalence of PCIs was significantly higher among 
survivors treated with chemotherapy than survivors treated without 
chemotherapy, except for the item “getting lost” (Table 2). To evaluate 
the influence of depression on PCIs, we compared the number of 
PCIs for survivors treated with chemotherapy (n=56) with that of 
survivors treated without chemotherapy (n=28) among participants 
with HADS scores <11. Survivors treated with chemotherapy had 
significantly more cognitive impairments than survivors treated 
without chemotherapy (1.77±1.65 and 0.89±1.52, respectively, 
t=2.347, df=82, p= 0.021).

Prevalence of PCIs in survivors treated with chemotherapy 
and its recognition by other people 

We further analyzed the results of questions about PCIs obtained 
from the 98 survivors treated with chemotherapy, except for the item 
“getting lost.” The prevalence of having at least one PCI was 77 
(79%) and 42 (43%) survivors treated with chemotherapy had more 
than three types of PCIs (Figure 2). The prevalence of specific PCIs 
was as follows: “difficulty concentrating,” 46%; “slower processing 
speed,” 56%; “shorter attention span,” 39%; “memory loss,” 44%; 
and “confusion,” 38%. On the other hand, the prevalence of these PCIs 
being recognized by other people was significantly lower (6%, 14%, 
13%, 19%, and 10%, respectively, p<0.0001 for all comparisons). 

Relationship between number of PCIs and total HADS 
score

Because we did not ask about the severity of the PCIs, we treated 
the number of PCIs as a factor that might adversely influence daily life 
in further analysis. Multiple regression analysis was performed using a 
forward stepwise approach, in which variables that were significantly 
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related to the total HADS score in the univariate analysis were 
included according to the strength of the relationship. The analysis 

showed that the number of PCIs was independently correlated with 
the total HADS score (β = 0.32, p = 0.001). 

Table 1 demographic characteristic of participants

Survivors who treated with chemotherapy (n = 98) Survivors who treated without  chemotherapy 
(n = 75)

n % n %

Age (mean ± SD） 50.5±8.4 51.3±7.9

Female / Male 96/2 98 / 2 74/1 98.7/1.3

Period after diagnosis (year) (mean ± SD) 0.6±3.8 4.7±8.7

Type of therapy

Chemotherapy 98 100 0 0

Hormonal therapy 69 70.4 54 72

Radiation therapy 60 61.2 38 50.7

Surgery 92 93.9 74 98.7

HADS

<11 56 57.1 30 40

≥11 42 42.9 45 60

HADS, Hospital Anxiety and Depression Scale; SD,  Standard deviation

Table 2 Prevalence of PCIs in survivors (n = 173)

                                                                        Experience of chemotherapy
X2

p valueNo Yes

Difficulty in concentrating
No 53 (31.4%) 53 (31.4%)

7.4 0.006
Yes 18 (10.7%) 45 (26.6%)

Slower processing speed in job or
household chores

No 56 (32.4%) 43 (24.9%)
16.5 <0.001

Yes 19 (11%) 55 (31.8%)

Shorter attention span
No 59 (34.1%) 60 (34.7%)

6 0.014
Yes 16 (9.2%) 38 (22%)

Memory loss
No 54 (31.2%) 55 (31.8%)

4.6 0.032
Yes 21 (12.1%) 43 (24.9%)

Confusion
No 58 (33.5%) 61 (35.3%)

4.5 0.034
Yes 17 (9.8%) 37 (21.4%)

Getting lost
No 74 (42.8%) 92 (53.2%)

2.5 0.113
Yes 1 (0.6%) 6 (3.5%)

PCIs, Perceived cognitive impairments

Figure 2 The number of PCIs in survivors treated with chemotherapy 
(n = 98). PCIs, Pereceived cognitive impairments

Discussion
To the best of our knowledge, this is the first study to investigate 

the prevalence of PCIs in Japanese BCSs treated with chemotherapy 
and the recognition of these PCIs by other people. First, we showed 
that the prevalence of PCIs in six types of cognitive function was 
significantly higher in survivors treated with chemotherapy than 
in survivors treated without chemotherapy, except for the item 
“getting lost” (Table 2) Furthermore, 79% of survivors treated with 
chemotherapy perceived cognitive impairments, and 43% of survivors 
treated with chemotherapy had more than three types of PCIs (Figure 
2). This prevalence is higher than that reported by previous studies 
that objectively evaluated cognitive impairments by neurocognitive 
testing. Several studies reported no relationship or a lower 
relationship between the results of objective neurocognitive tests and 
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the subjective perception of cognitive impairments.1,23–25 Furthermore, 
it is often difficult to translate the results of neurocognitive tests to 
specific problems that BCSs experience in their daily lives. These 
days, patient-reported outcome data are regarded as more valuable and 
accurate than objective data, such as clinician-rated data, especially 
in terms of assessing patients’ symptoms and health-related quality 
of life.26–28 Thus, we chose six questions to evaluate each cognitive 
domain based on previous reports and used those six questions to 
evaluate the survivors’ PCIs. A similarly high PCI prevalence was 
reported by Ah et al.18 They demonstrated that 94% of survivors 
reported clinically significant PCIs, as assessed by FACT-Cog.29 
These findings, taken together with our results, suggest that PCIs are 
very common in BCSs, and the questionnaire used in our study may 
be useful to detect PCIs, especially in a busy clinical setting; however, 
further validation is required. 

Several reports have suggested that PCIs in cancer survivors are 
affected by mood. Shilling et al.30 reported that self-reported cognitive 
complaints are associated with anxiety, depression, and fatigue.29,30 
We also found that the prevalence of PCIs was significantly higher 
in the depressed survivors than in the non-depressed survivors. 
However, when we analyzed only the data from non-depressed 
survivors (HADS<11), the number of PCIs was significantly higher in 
survivors treated with chemotherapy than in survivors treated without 
chemotherapy. This result suggests the possibility that some PCIs are 
independently affected not by mood but by chemotherapy. 

Next, we demonstrated a discrepancy between the prevalence 
of cognitive impairments perceived by survivors treated with 
chemotherapy and the recognition of these cognitive impairments by 
other people. The prevalence of cognitive impairments recognized by 
other people was significantly lower than that of cognitive impairments 
perceived by survivors treated with chemotherapy. Several previous 
studies investigated PCIs in BCSs who were undergoing or had 
undergone chemotherapy using FACT-Cog version three, which 
consists of four subscales. One subscale assesses PCI (18 items) and 
another assesses comments from others (4 items).19 Both subscale are 
evaluated the frequency of each occurrence over the 7 days preceding 
the test on a 5-point Likert-type scale ranging from 0 (never) to 4 
(several times per day), indicating that score ranging from 0 to 72 
in PCI and 0-16 in comments from others. In the three studies using 
FACT-Cog, the mean PCI scores and comments from others were 
51–63 out of 72 and 15–16 out of 16, respectively.31–33 Although these 
results are valuable to our understanding of the prevalence of PCI and 
the recognition of PCI by other people, it is difficult to directly compare 
these factors because the portion of the questionnaire dedicated to 
PCI and its recognition by other people was different. In the present 
study, we compared the prevalence of PCI and its recognition by other 
people using the same questionnaire. To our knowledge, there are no 
previous reports that compare the prevalence of PCI and its recognition 
by other people using the same questionnaire. Accordingly, our 
results should help to understand the discrepancy in the prevalence 
of PCIs and its recognition by other people in BCSs that underwent 
chemotherapy. Interestingly, the apparent trend in the prevalence of 
PCI and its recognition by other people differs from the results of 
dementia studies. For example, Arlt et al.34 reported that patients with 
mild to moderate dementia underestimated their cognitive function, 
as assessed by self-rating tools, and the estimated cognitive function 
did not correlate with the Mini-Mental State Examination (MMSE) 
score. In contrast, the caregivers’ assessment of the dementia patients’ 

cognitive functions corresponded with the MMSE scores.34 This 
discrepancy may be due to a lack of insight on the part of the dementia 
patients. On the other hand, survivors in our study who did not have 
symptomatic brain metastasis did not lose insight into their physical 
and mental activity, including cognitive impairments. Although other 
people, such as family members, usually pay considerable attention 
to the patients’ physical condition, life changes, and prognosis, they 
likely pay less attention to cognitive changes. Furthermore, cognitive 
functions affected by chemotherapy appear less impaired to outsiders. 
Our results may reflect these problems.

Finally, we demonstrated a relationship between PCIs and 
depression.Because the severity of the depressive state depended 
on the number of PCIs, having an increased number of cognitive 
impairments should be considered a risk factor for depression. Similar 
to our results, a previous study demonstrated that chronic illness, 
subjective health status, and cognitive impairments were significantly 
associated with depression among elderly Koreans.35 Taken together, 
these results suggest that the presence of PCI independently affects 
survivors’ moods. Another possibility is that the lack of awareness, 
concern, and consideration exhibited by other people, especially 
family members, for day-to-day problems caused by cognitive 
impairments exacerbates the survivor’s psychological distress, 
leading to depression. Recently, one study reported that PCI and a 
high HADS score were associated with increased prevalence of self-
perceived burden (SPB) on primary caregivers in older patients with 
hematologic malignancies.36 Although the cancer type and mean age 
were different from those in our study, the coexistence of PCI and 
depression might also elicit a SPB on family members in BCSs. The 
limitations of this study were as follows:

a. This was a cross-sectional survey using a simple, clinical 
self-reported questionnaire to assess cognitive impairments 
associated with chemotherapy. Therefore, the study design may 
have created sampling bias, which limits the generalizability 
of the results. In addition, a variety of detailed questionnaires 
and other methods for evaluating cognitive impairments have 
been used in previous studies. Thus, directly comparing the 
prevalence of cognitive impairments in our data with those of 
other epidemiological studies is not feasible. 

b. The questionnaire we used to assess PCIs was not validated, 
although it consisted of questions selected from several prior 
reports and accounted for test feasibility and affordability.

c. We did not ask survivors details about their prescription 
medications. Thus, we could not rule out other factors influencing 
PCIs, such as psychotropic agents. In addition, we did not ask 
for details about their chemotherapy regimens. Thus, we cannot 
discuss which chemotherapeutic agents may influence cognition.

d. We did not evaluate the severity and frequency of each PCI. 
Thus, we could not assess the relationships between those factors 
and depression.

e. To overcome these limitations, prospective large-scale research 
studies are needed.

Conclusion
In conclusion, PCIs following chemotherapy are not negligible 

in Japanese BCSs and could be important factors contributing to the 
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development of depression. Oncologists and medical staff should 
pay attention not only to the survivor’s physical condition and 
psychological distress but also to PCIs. Awareness of PCIs in BCSs 
may prevent depression or reduce its prevalence.
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