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INTRODUCTION

Chemotherapy-related cognitive impairment (CRCI) is one of the 

most frequently reported side effects of chemotherapy.1) About 15~70% 

of cancer patients experience a decline in memory, face problems with 

attention, and complain of an inability to multitask following chemo-

therapy.2) and 17~35% of these cases persist long-term.1,3) Even if cogni-

tive decline in cancer patients is mild, it can have a negative impact on 

their quality of life due to the difficulties it can cause in daily living and 

work.1,4) CRCI primarily presents with abnormalities in pathways con-

necting the frontal lobe and the subcortical regions, as well as hippo-

campal damage,5) leading to the impairment of memory and working 

memory (immediate memory), attention, and information processing 

speed.6) Cognitive function includes receptive functions such as select-

ing, acquiring, and unifying information, memory and learning, which 

involves storage and retrieval, mental organization of information and 

organized thinking, as well as expressive functions such as behavior and 

communication of information.7) 

In terms of anticancer agents that affect CRCI, metabolic inhibitors 

(e.g., 5-FU, methotrexate), alkylating agents (cyclophosphamide, car-

mustine), and paclitaxel are reported to be toxic to neural progenitor 

cells and oligodendrocytes, which form the myelin sheaths in the central 

nervous system.8,9) These anticancer agents are commonly prescribed to 

patients with stomach or colorectal cancer, which are the most prevalent 

cancers in Korea. The symptoms and severity of CRCI are affected by 

various factors, including the cumulative dose of anticancer agents, age, 

and nutritional status.10)

Interest in CRCI has prompted research in diverse areas, including 

the treatment agents, as well as the incidence, duration, and extent of 

cognitive impairment. So far, basic research to manage cognitive decline 

in cancer patients has focused on investigating the causes of chemother-

apy-related cognitive decline. Most studies that have investigated the ef-

fects of anticancer treatment itself, including drug dose (standard vs high 

dose) and hormone therapy, on cognitive function have dealt with breast 

cancer patients.6,11,12) Thus, further research is required to determine 
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whether changes in cognitive function differ in other types of cancer, 

such as stomach and colorectal cancer.13) In addition, most studies have 

used a cross-sectional evaluation of cognitive impairment in a specific 

type of cancer. These studies do not control for cognitive impairment 

that developed before chemotherapy and impact of the severe symp-

toms and psychological distress caused by chemotherapy on cognitive 

function.14) Therefore, longitudinal studies need to be performed to 

minimize these limitations and ascertain the patterns of change. Fur-

thermore, cognitive function may change with time, and thus, a com-

parative group is needed for internal validity.

Fatigue is the most common symptom experienced by cancer pa-

tients in relation to chemotherapy, and it is the most reported factor as-

sociated with cognitive decline.15)

Chemotherapy causes toxic injury to cells, and the resulting inflam-

matory response can cause fatigue due to excessive cytokine produc-

tion.15) Interventions to promote cognitive function in cancer patients 

will need to include an understanding and management of patterns of 

fatigue.

Therefore, the present study aims to ascertain patterns of change of 

cognitive impairment and fatigue from the start of chemotherapy to the 

follow-up of chemotherapy. We examined patients with stomach or 

colorectal cancer, both of which have rarely been studied in this context. 

The results from this prospective study will provide directions for the 

development of programs to evaluate and provide intervention to pa-

tients who experience changes in cognitive function and fatigue after 

chemotherapy.

METHODS

1. Study design

This study used a prospective controlled design, which was consisted 

of investigation group (adjuvant chemotherapy group) and comparison 

group (healthy participants).

2. Participants

There were a total of 133 participants. Of the participants, 67 were 

treated with adjuvant chemotherapy and they were from a previous 

study, examining the change of cancer symptom, depression, and qual-

ity of life in chemotherapy patients.16) Patients suffering from stomach 

or colorectal cancer from two hospitals in Seoul were invited to be part 

of the study, before the start of adjuvant chemotherapy. Eligible partici-

pants were those who were over 18 years old and scheduled to receive an 

adjuvant chemotherapy regimen that included fluorouracil and oxalipl-

atin. Exclusion criteria included receiving neo-adjuvant chemotherapy, 

history of stroke dementia or a degenerative disease, and alcohol or drug 

abuse that might affect any neuropsychological test performance. Of the 

74 patients who were invited, 67 (90.5%) patients participated in the 

study; three died of their disease, three could not be contacted and one 

did not complete the baseline assessment. The comparison group was a 

sample of convenience comprising friends and family of healthy people 

from a local group. They were selected based on the matching variables 

such as age (plus or minus 1 year), sex and education level. Of these 67 

healthy participants, 66 (98.5%) participated in the study; 1 did not com-

plete the follow-up assessment. The sample size needed for repeated 

measures analysis of variance was calculated using a G*Power program 

3.1.17) A sample size of 74 subjects was required for a two-sided RM 

ANOVA test with a significance level (α) of .05, a power of .80, an effect 

size (f 2) of 0.15, a correlation of 0.5 and 3 measures in two groups. We 

used an effect size of 0.15 based on a prior study by Park & Bae;18) this 

study reported small effect sizes (d = -0.02~0.26) of chemotherapy on 

cognitive function in the meta-analysis of CRCI in breast cancer pa-

tients. Of the 141 participants initially recruited, 133 (94.3%) completed 

the neuropsychological test questionnaire. 

3. Ethical considerations

This study was approved by the institutional review boards of a K 

hospital in Seoul (IRB No. K-1405-002-039). Patients received informa-

tion on the eligibility criteria and, purpose and procedure of this study 

from the cooperating nurse researcher. Potentially eligible participants 

were provided with written, informed consent forms assuring confiden-

tiality regarding all information, and voluntary withdrawal was guaran-

teed for all participants without any adverse effects.

4. Procedure

The questionnaires were administered in three stages: before chemo-

therapy (1~3 days before the start of the chemotherapy), towards the end 

of chemotherapy (1~2 days after the completion of chemotherapy), and 

six months after the final chemotherapy session. Assessments were in-

dividually administered and clinical data were collected from electronic 

medical records. In case of comparison group, the questionnaires were 

administered after collecting the data of every 10 chemotherapy patients 

based on the matching variables. Data collection was conducted from 
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October, 2014 to May, 2016 by using structured questionnaires. 

5. Measures

1) Cognitive function

We used the Korean version of Everyday Cognition (ECog) devel-

oped by Farias & Mungas to measure self-reported cognitive decline.19) 

The ECog is a 39-question survey with 6 subscales. Questions are rated 

on a four-point scale ranging from 1 (no change), 2 (occasionally worse), 

3 (consistently worse), to 4 (consistently much worse), comparing the 

perceived daily cognitive functioning from previous years ago to the 

present. Higher scores indicate greater cognitive decline. In the previous 

research, the optimal cutoff point for impaired cognitive function was 

1.81.20) We used a 2.0 cutoff point for impaired cognitive function. The α 

reliability in this study was .96. 

To evaluate the objective cognitive function, the Korean Mini Mental 

State Examination (KMMSE) was used.21) The MMSE comprises 21 

separate items representing orientation, verbal repetition, verbal recall, 

naming reading, writing, coping, and following directions.22) This ques-

tionnaire is scored between 0(worst possible score) and 30 (perfect score) 

points. Scores ≥24 points are often considered to be normal values. 

Based on the criteria from previously conducted research with cancer 

patients,23) scores < 23 points, score from 24 to 26 points, and scores 

from 27 to 30 points were classified to indicate the level of cognitive 

function. We used a 26 points or less cutoff point for decline cognitive 

function.

2) Fatigue

The Korean version of the Functional Assessment of Cancer Therapy-

Fatigue (FACT-F) scale was used. It consists of 13 items rated on a 5-point 

Likert scale (0 = not at all to 4 = very much so). Higher scores indicate 

greater fatigue. Originally developed for use with cancer patients and 

Cronbach’s α was 0.93.24) The Cronbach’s α was .86 in the present study. 

3) Demographic and clinical characteristics

Data regarding hemoglobin and chemotherapy regimen were gath-

ered from medical records and others were through the questionnaire. 

6. Statistical analysis

The Statistical Package for the Social Sciences version 21.0 was used 

for all statistical analyses. Descriptive statistics were used to describe 

sample characteristics and assess the distribution of all variables. Cogni-

tive function and fatigue, in accordance with the general characteristics 

of the participant, were examined using a t-test and ANOVA, while 

Scheffé’s method was used as the post hoc test. Baseline group differ-

ences on demographic variables were examined using independent 

samples t-tests and chi-squared tests. Correlations among the variables 

were examined using Pearson correlation coefficients. A probability 

level of 0.05 was used for statistical significance. The statistical signifi-

cance of the changes in the number of participants experiencing cogni-

tive impairment from baseline to follow-up was assessed using the Co-

chran Q test.25) Group comparisons on cognitive function and fatigue 

were made at three time points, using repeated measures ANOVA. 

Bonferroni was used for post hoc comparisons. 

RESULTS

The study consisted of 133 participants. Sixty-seven of them belonged 

to the chemotherapy group and while 66 of healthy participants formed 

the comparison group. There were no statistically significant baseline dif-

ferences between the two groups in terms of gender, age, marital status, 

education, monthly income. However, there were more employed partici-

pants in the comparison group (Table 1). Men accounted for 55.2% of the 

participants in the chemotherapy group, and men accounted for 40.9% of 

the participants in the comparison group. The mean age was 54.99 years 

(standard deviation [SD], 9.39) in the chemotherapy group and 56.06 

years (SD, 8.08) in the comparison group. A majority (67.2~74.2%) of the 

participants were aged 50~60 years in the both groups. Furthermore, a 

majority of the participants were married; 45.5% of the chemotherapy 

group had a high school education; and 42.4% had graduated from mid-

dle school or less in the comparison group. 

In 88.1% of the cases, the cancer type was colorectal cancer. The dis-

tribution of disease stages was as follows: stage I, II, 31.3%; stage III, 

61.2%; and stage IV, 7.5%. Chemotherapy regimens that received were 

fluorouracil + leucovorin and/or oxaliplatin, 67.2%; Oxaliplatin + xeloda 

32.8%. The average hemoglobin level was 12.20 (SD, 1.53) g/dL (Table 1).

1. ‌�Cognitive function and fatigue according to the general 

characteristics of the participant

There were no significant differences on self- reported cognitive de-

cline and fatigue according to the general characteristics of the chemo-

therapy group. In the objective cognitive function, married participants 

showed greater cognitive function (t=16.93, p < .001). There were no sig-
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nificant differences in cognitive function and fatigue with respect to 

disease and treatment variables (Table 2).

In the case of the comparison group, there were significant differ-

ences on self- reported cognitive decline, depending on the gender (t= -

2.27, p = .027), age (F = 9.04, p < .001), marital status (t= -3.05, p = .014), 

education (F = 8.65, p < .001), occupation (t= -1.75, p = .026) and monthly 

income (F =7.25, p < .001)(Table 2). Women revealed more cognitive de-

cline than men did, and those over 61 years of age experienced more 

cognitive decline than those below 60 years. Single participants revealed 

more cognitive decline than married participants. Those who had a 

middle school or less education had more cognitive complaints than 

those with high school education or more. Unemployed and lower in-

come participants revealed more cognitive decline. Unemployed partic-

ipants revealed more cognitive decline as did those with a lower income. 

In objective cognitive function, married participants in addition to age 

(F =16.31, p < .001), education (F =12.25, p < .001), occupation (t=3.42, 

p = .003) and monthly income (F = 4.09, p = .004) showed greater cogni-

tive function (t=2.73, p = .024). There were significant differences in fa-

tigue according to the marital status (t= -2.38, p = .020) and education 

(F = 6.94, p = .002)(Table 2). Single participants revealed higher rates of 

fatigue as did those with a middle school (or less) education. 

2. Correlations among the variables

A self-reported cognitive decline showed significant correlations 

among the objective cognitive function (r= -.65, p < .001) and fatigue 

(r= .46, p < .001). There were significant correlations between objective 

cognitive function and fatigue (r= -.41, p < .001). There were no signifi-

cant correlations among the variables in chemotherapy group. In the 

case of the comparison group, there were significant correlations among 

the variables (Table 3).

3. ‌�Changes in cognitive function and fatigue from baseline 

to follow-up

Table 4 show the result of repeated measures ANOVA with the 3 time 

Table 1. Baseline Characteristics of the Participants 	 (N= 133)

Variables Categories
n (%) or
M ± SD

Chemotherapy
group (n=67)

Comparative
group (n=66) x2 or t p

n (%) or M ± SD  n (%) or M ± SD

Gender M
F

 64 (48.1)
 69 (51.9)

37 (55.2)
30 (44.8)

27 (40.9)
39 (59.1)

-1.66 .100

Age (yr)
 

＜50
51~55
56~60
＞61

 39 (29.3)
 35 (26.3)
 23 (17.3)
 36 (27.1)

22 (32.8)
16 (23.9)
10 (14.9)
19 (28.4)

 54.99 ± 9.39

17 (25.8)
19 (28.8)
13 (19.7)
17 (25.8)

56.06 ± 8.08

-0.33 .746

Marital status Yes
No

111 (83.5)
 22 (16.5)

54 (80.6)
13 (19.4)

57 (86.4)
 9 (13.6)

0.89 .375

Education ≤Middle school
High school
≥College

 47 (35.6)
 56 (42.4)
 29 (22.0)

19 (28.8)
30 (45.5)
17 (25.8)

28 (42.4)
26 (39.4)
12 (18.2)

1.63 .104

Occupation Employed
Unemployed

 74 (56.5)
 57 (43.5)

26 (38.8)
41 (61.2)

48 (75.0)
16 (25.0)

4.46 ＜.001

Monthly income 
(10,000 won)

＜200
200~399
400~599
≥600

 51 (38.6)
 50 (37.9)
 21 (15.9)
10 (7.6)

31 (46.3)
22 (32.8)
11 (16.4)
3 (4.5)

20 (30.8)
28 (43.1)
10 (15.4)
  7 (10.8)

-1.70 .092

Cancer type Colorectal
Stomach

-
-

59 (88.1)
 8 (11.9)

-
-

- -

Cancer stage I, II
III
IV

-
-
-

21 (31.3)
41 (61.2)
5 (7.5)

-
-
-

- -

Chemotherapy regi-
mens

Oxaliplatin + xeloda
Fluorouracil + leucovorin and/

or oxaliplatin

22 (32.8)
45 (67.2)

Hb (g/dL) ＜12
≥12

 12.2 ± 1.53 27 (40.3)
40 (59.7)

-
-

- -
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points. Self-reported cognitive decline found a significant main effect of 

time point in chemotherapy group (F = 42.68, p < .001). In the chemo-

therapy group, the mean scores of cognitive decline were initially lower 

(47.36) than in the comparison group, rising significantly at the post-

chemotherapy (69.54) before dropping to 48.42 at follow-up. Mean-

while, the mean scores of the comparison group were stable across the 

three time points (mean scores 71.55, 75.92, and 70.45)(F =2.66, p = .074). 

Objective cognitive function also showed a significant effect of time 

point (F = 6.40, p = .002). However, the chemotherapy group revealed 

lower mean scores at follow-up (28.64) than at the baseline (29.21) and 

post-chemotherapy (29.31). In the comparison group, the mean scores 

of objective cognitive function increased significantly at follow-up to 

27.78 from 27.05 at the post-test stage (F = 5.36, p = .006).

Table 5 shows the changes in number of cancer patients experiencing 

cognitive decline from baseline to follow-up. The number of patients 

experiencing cognitive decline in their daily lives were 7.5% in the pre-

chemotherapy phase, 38.8% in the post-chemotherapy phase, and 14.9% 

in the six months follow-up phase. These changes were significant in the 

Cochran Q test (Q = 41.61, p < .001). The domains of cognitive function 

showed the most decline were divided attention (the ability to process 

multiple activities or information at the same time)(from 11.9% to 

55.2%) and memory (from 10.4% to 50.7%). 

The number of patients with scores ≤26 points in objective cognitive 

function was 4.5% in the pre-chemotherapy, 1.5% in the post-chemo-

therapy, and 14.9% in the 6 month follow-up. These changes were sig-

nificant in the Cochran Q test (Q =11.20, p < .004). 

The patterns of cancer-related fatigue were similar to those observed 

with perceived cognitive function. In the chemotherapy group, the 

mean scores of fatigue increased significantly at post-chemotherapy 

(20.64) from 8.89 at pre-chemotherapy and then dropping to 8.65 at fol-

low-up (F = 44.76, p < .001). In the comparison group, fatigue levels were 

significantly higher at the pre-test (mean score 13.23) than at follow-up 

Table 3. Correlations among the Variables 	 (N= 133)

Variables
Chemotherapy group (n= 67) Comparative group (n= 66) Total (n= 133)

PCI OCF Fatigue PCI OCF Fatigue PCI OCF Fatigue

PCI 1 -.11 (.386) .19 (.127) 1 -.71 (＜.001) .57 (＜.001) 1 -.65 (＜.001) .46 (＜.001) 

OCF 1 .07 (.479) 1 -.59 (＜.001) 1 -.41 (＜.001)

Fatigue 1 1 1
PCI= Perceived cognitive impairment; OCF= Objective cognitive function.

Table 4. Changes in Cognitive Function and Fatigue from Baseline to Follow-up 	 (N= 133)

Variables Group
Pre-testa Post-testb Follow-upc Time effect by group

Bonferroni
M ± SD M ± SD M ± SD F p

PCI Chemotherapy (n=  67)
Comparative (n=  66)

 47.36 ± 14.09
 71.55 ± 26.60

 69.54 ± 24.90
 75.92 ± 29.65

48.42 ± 9.37
 70.45 ± 24.45

42.68
 2.66

＜.001
.074

a, c＜b
-

OCF Chemotherapy (n=  67)
Comparative (n=66)

29.21 ± 1.40
27.33 ± 3.06

29.31 ± 1.09
27.05 ± 3.16

 28.6 4 ± 1.94
27.78 ± 3.39

 6.40
 5.36

.002

.006
a, b＞c
b＜c

Fatigue Chemotherapy (n=  66)
Comparative (n=  66)

 9.89 ± 8.26
13.23 ± 8.86

 20.65 ± 10.54
12.15 ± 8.17

 8.65 ± 7.98
11.03 ± 7.59

44.76
 3.95

＜.001
.022

a, c＜b
c＜a

a, b, c: Bonferroni post hoc test; PCI= Perceived cognitive impairment; OCF= Objective cognitive function.

Table 5. Changes in Number of Cancer Patients Experiencing Cognitive Decline from Baseline to Follow-up 	 (N= 67)

Outcome variables Categories
Pre-test Post-chemotherapy test Follow-up test Cochran test

n (%) n (%) n (%) Q (p)

Perceived cognitive decline ＞2 (total)
＞2 (female)
＞2 (male)

5 (7.5)
3
2

26 (38.8)
17
 9

 1 (1.5)
 1
 0

 41.61 (＜.001)

Everyday memory ＞2 7 (10.4) 34 (50.7)  3 (4.5)

Language ＞2 5 (7.5) 31 (46.3)  3 (4.5)

Executive function: planning ＞2 4 (6.0) 26 (38.8)  1 (1.5)

Executive function: organization ＞2 3 (4.5) 20 (29.9)  2 (3.0)

Executive function: divided attention ＞2 8 (11.9) 37 (55.2) 16 (23.9)

Visuospatial abilities ＞2 3 (4.5) 12 (17.9)  4 (6.0)

Objective cognitive function ≤26 3 (4.5)   1 (1.5) 10 (14.9) 11.20 (.004)



132   Oh, Pok-Ja et al·Changes of Cognitive Function and Fatigue following Chemotherapy in Patients with Gastrointestinal Cancer: A Prospective Controlled Study

www.kons.or.kr https://doi.org/10.5388/aon.2019.19.3.126www.kons.or.kr https://doi.org/10.5388/aon.2019.19.3.126

(mean score 11.03)(F =3.95, p = .022). 

DISCUSSION

The results of our study showed that there were no differences in cog-

nitive function over time for the comparison group (p = .074), whereas in 

the chemotherapy group, perceived cognitive decline increased signifi-

cantly at the post-chemotherapy phase before dropping at follow-up 

phase. This is similar to the result of prior research,26) which stated that 

objective cognitive decline persistently increased during the chemother-

apy period and recovered to its prior level 6 months after the completion 

of treatment. 

In the present study, the percentage of participants complaining of 

cognitive decline immediately after chemotherapy was 38.8%. This is 

consistent with the figure of 38.5% reported in a study done on Korean 

breast cancer patients.12) At 14~43%, the incidences of cognitive decline 

after the completion of chemotherapy were also in line with the results of 

a previous study.27) However, the number of participants in this study 

with subjective cognitive decline at the start of chemotherapy was only 

5(7.5%). Thus, the results of our study support the hypothesis that che-

motherapy affects cognitive function and are consistent with reports of 

CRCI decreasing over time.3) However, this differs from results in previ-

ous studies showing that subjective cognitive decline persists 6 months 

after chemotherapy in 30.8~39% of breast cancer patients.6,12) This dis-

crepancy in breast cancer patients is thought to be because of higher per-

ceived cognitive decline in female patients than male patients. This is 

supported by the fact that, when looking at general characteristics in our 

study, 17 female patients (mean 75.60) reported greater cognitive decline 

than 9 male patients (mean 64.62) did at post- chemotherapy.

CTCI is experienced by 15~80% of cancer patients and survivors. The 

variance in incidence rates of CTCI can be attributed to different treat-

ment protocols as well as methodological variations across studies such 

as use of different definitions, cognitive decline instruments used, and 

times of assessment of CTCI.1,28) Some studies defined cognitive decline 

in chemotherapy patients as a score of 1.5 to 2 standard deviations below 

the mean, when normalized to the data of the control group (healthy in-

dividuals, or cancer patients who had not undergone chemotherapy).4,26) 

Like the present study, other authors have also classified cognitive de-

cline based on the criteria suggested by the instrument.

In our study, the domains of subjective cognitive decline most fre-

quently showing a decline immediately after the completion of chemo-

therapy were divided attention (55.2%) and memory (50.7%). Six months 

after the completion of chemotherapy, divided attention (23.9%) was still 

the most severely affected domain of cognitive decline. This is consistent 

with a meta-analysis that found impairments in memory and divided at-

tention (executive function).28) Until now, many studies have reported 

cognitive decline in breast cancer patients, However, the present study in 

stomach or colorectal cancer patients found impairments in the same do-

mains of cognitive function, despite using different anticancer agents. 

Impaired divided attention can cause limitations in learning and mem-

ory of self-care information in cancer patients, and render them unable to 

perform the activities of daily living, work, or social activities smoothly.29) 

Subjective memory decline refers to the state in which the patient com-

plains that his/her memory has declined even though objective memory 

tests are within the normal range.30) Our study also found that objective 

cognitive function scores for the chemotherapy group were within the 

normal range, with a mean score of 29.31, and that only 10 participants 

(14.9%) showed decreased cognitive function with a score of 26 points or 

less at 6 months follow-up. However, it should be noted that subjective 

cognitive decline is associated with early dementia, and reflects a decline 

in objective cognitive function.30) In particular, aging can induce a decline 

in cognitive function, which is relevant given that the mean age of the 

participants in our study was 56 years, and 70.7% of subjects were aged 50 

years or older. Thus, cancer survivors require appropriate education on 

CRCI, as well as training programs that can help them maintain and im-

prove the cognitive domains of attention and memory.

In the objective measurements of cognitive function, cognitive de-

cline, defined as a score of 26 points or less, increased (14.9%) at the time 

point 6 months after the completion of chemotherapy. This supports re-

sults from previous studies, in which CRCI persisted long-term in 

17~35% of the participants.1,3) However, the incidence in our study was 

slightly lower than the 22.0% reported at 6 months after chemotherapy 

completion in a Korean study of breast cancer patients.12) This is thought 

to be because the breast cancer patients were all women, and cognitive 

decline is more severe in female patients than in male patients. Support-

ing this, 55.2% of the participants in our study were male.

From the results stated above, we can deduce that severe subjective 

cognitive decline developed immediately after chemotherapy, but objec-

tive cognitive function remained within the normal range irrespective of 

chemotherapy (29.31 score), and actually showed some decline at the 

time point 6 months after chemotherapy completion (28.64 score). This 

apparent contradiction is related to the fact that the K-MMSE is not sen-
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sitive at detecting the mild cognitive decline shown by cancer patients.1) 

The MMSE scores of this study can be considered within the normal 

range. A ceiling effect likely influenced the objective cognitive function 

measurements obtained by using the K-MMSE.1) In addition, it suggests 

that CRCI does not involves much of a change in the substance of the 

brain, but rather a decline in attention and concentration that is per-

ceived in daily living.1) Although objective cognitive function is mea-

sured momentarily, like an image, subjective cognitive function, as mea-

sured by self-report, measures changes in cognitive function over a cer-

tain period. As a result, subjective cognitive decline can show a higher 

incidence than objective cognitive impairment, which is affected by the 

emotional state, experience of physical symptoms, and fatigue .28)

This fact can be seen in our results, since like the pattern for subjective 

cognitive function, the patients’fatigue was most severe immediately af-

ter chemotherapy, and recovered by the 6-month follow-up examination. 

Our study showed that fatigue becomes very severe in cancer patients as 

an adverse effect of chemotherapy, and that the level of fatigue shows a 

significant correlation with objective cognitive function and subjective 

cognitive decline. This differs from previous reports, in which fatigue 

had a strong correlation with subjective cognitive decline, but almost no 

correlation with objective cognitive function measured in neuropsycho-

logical tests.15) Fatigue is the disease/treatment-related factor reported to 

have the strongest association with cognitive function.15) Our results sup-

port the hypothesis that fatigue is correlated to cognitive function in 

cancer patients, and suggest the need for interventions to manage fatigue 

and improve cognitive function. Chemotherapy causes toxic injury to 

cells, and the resulting inflammatory response can cause fatigue due to 

excessive cytokine production.15) Our study measured hemoglobin levels 

at an average of 12.2 g/dL just before starting chemotherapy, but did not 

identify any change in hemoglobin levels immediately after the comple-

tion of chemotherapy. Future research will be required to verify whether 

decreased hemoglobin levels after the completion of chemotherapy in-

crease fatigue, and whether decreased oxygen supply to the brain can af-

fect cognitive function.15)

A unique aspect of our study is that, in the cross-sectional measure-

ments at each time point, the chemotherapy group showed better cognitive 

function than the comparison group. This phenomenon also appeared in a 

meta-analysis of CRCI.28) Further investigations are required to find out if 

engaging in treatment made the cancer patient group more motivated to 

perform well in cognitive tests, or whether there were differences in educa-

tion or age that could also affect cognitive function.29) The examination of 

the general characteristics in our study showed the two groups to be statis-

tically homogeneous, but the comparison group did show a higher mean 

age (56.06 years) than the chemotherapy group (54.99 years), and a higher 

proportion of participants with an education level of middle school gradu-

ation or lower. Nevertheless, we believe that the primary cause of this dif-

ference was the patient group being more motivated ahead of treatment 

and evaluating their own condition more positively. This can also be seen 

in the case of fatigue, in which the cancer patient group rated their level of 

fatigue significantly lower than the healthy individuals.

Although this was a longitudinal study investigating the impact of 

chemotherapy on cognitive function in stomach or colorectal cancer pa-

tients, it was not possible to analyze cognitive impairments that devel-

oped in the late stages of treatment because follow-up examinations were 

performed 6 months after the completion of chemotherapy. The major-

ity of studies on CRCI so far have investigated breast cancer patients, but 

our results show that the incidence and affected domains of cognitive 

impairment are similar for patients with stomach or colorectal cancer. 

This study is significant insofar as it includes the longitudinal assessment 

of cancer treatment-related fatigue, and also evaluates the correlation be-

tween fatigue and cognitive impairment.

CONCLUSION 

This prospective study was done to identify the changes of cognitive 

function and fatigue at 3 time points: pre-chemotherapy, post- chemo-

therapy, and 6 months follow-up in people with stomach or colorectal 

cancer. In the chemotherapy group, self-reported cognitive decline in-

creased significantly at post-chemotherapy (38.8%) and improved at the 

follow-up (1.5%). At the post-chemotherapy point, patients reported 

greater difficulty in the cognitive domains of attention and concentra-

tion, memory, and executive function. 

Self-reported cognitive decline was more common than objectively 

confirmed cognitive decline. Meanwhile, mean scores of the healthy 

comparison group were stable across the 3 time points. Similar patterns 

were observed in cancer-related fatigue as well as cognitive function, 

suggesting the role of fatigue as a predictor of chemotherapy-related 

cognitive changes. These results suggest that chemotherapy may be as-

sociated with cognitive decline and fatigue in patients with cancer. 

Nursing programs should be developed to handle interventions for cog-

nitive impairment.
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