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Background: Chemotherapy-induced cognitive impairment, commonly referred to as 
‘chemo brain,’ is a well-documented side effect affecting breast cancer survivors, yet its 
prevalence, characteristics, and contributing factors remain incompletely understood. 
This study aimed to assess the frequency and pattern of cognitive deficits in breast cancer 
survivors post-chemotherapy and to examine associated psychological and clinical 
predictors. Methods: A cross-sectional study was conducted involving 150 female breast 
cancer survivors aged 30–65 years, assessed 6 to 24 months after completing 
chemotherapy. Cognitive function was evaluated using standardized neuropsychological 
tests focusing on memory, attention, executive function, and verbal fluency. Subjective 
cognitive complaints and psychological variables such as fatigue, anxiety, and depression 
were measured through validated questionnaires. Multiple regression analysis was 
performed to identify predictors of cognitive impairment. Results: Objective cognitive 
impairment was observed in 56% of participants, predominantly affecting memory (43%) 
and attention/processing speed (39%). Subjective cognitive complaints correlated 
significantly with objective test results (r = 0.56, p < 0.001). Fatigue and mood 
disturbances were significantly higher in cognitively impaired survivors. Age (β = 0.32, p 
= 0.005), time since chemotherapy (β = -0.25, p = 0.02), and fatigue (β = 0.38, p < 0.001) 
emerged as significant predictors of cognitive impairment. Conclusion: Cognitive 
impairment is a common and impactful sequela among breast cancer survivors following 
chemotherapy, closely associated with fatigue and psychological distress. These findings 
underscore the need for comprehensive survivorship care integrating cognitive and 
emotional health assessment, alongside development of targeted interventions to 
improve survivors’ quality of life. 
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Breast cancer remains the most commonly diagnosed cancer 
among women worldwide and is a leading cause of cancer-
related mortality (Mubarik et al., 2022; Tao et al., 2023). 
Advances in early detection and treatment modalities, 
including surgery, radiotherapy, and systemic chemotherapy, 
have significantly improved survival rates (Kaur et al., 2023; 
Miller et al., 2022). However, alongside increased survival, 
there is growing recognition of the long-term side effects of 
cancer treatment, which can substantially impact quality of 
life (Lustberg et al., 2023). One such side effect that has 
garnered considerable attention in recent years is 
chemotherapy-induced cognitive impairment, commonly 
referred to as “chemo brain” or “chemotherapy-related 
cognitive dysfunction” (Rao et al., 2022). 
Chemotherapy-induced cognitive impairment (CICI) is 
characterized by deficits in various cognitive domains, 
including memory, attention, executive functioning, 
processing speed, and verbal fluency (Durán-Gómez et al., 

2022). These cognitive changes are often subtle but can be 
persistent and debilitating, affecting the ability of breast 
cancer survivors to return to normal daily functioning, 
maintain employment, and engage in social activities. 
Although originally thought to be a temporary consequence 
of chemotherapy, mounting evidence indicates that CICI can 
persist months or even years after treatment completion in a 
significant subset of survivors (Safarzadeh et al., 2024). 
The prevalence of chemotherapy-induced cognitive 
impairment among breast cancer survivors varies widely 
across studies, ranging from 17% to 75%, depending on the 
assessment methods, timing of evaluation, and specific 
cognitive domains tested (Amani et al., 2024; Merceur et al., 
2024). This variability reflects the complex and multifactorial 
nature of chemo brain, which remains incompletely 
understood (Richter & Fattahi, 2022). Cognitive symptoms 
reported by patients often include forgetfulness, difficulty 
concentrating, trouble multitasking, and mental fatigue 
(Iyizoba-Ebozue et al., 2024). These symptoms may adversely 
affect emotional well-being, contributing to anxiety and 
depression, which in turn can exacerbate cognitive 
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 dysfunction (Giustiniani et al., 2023). 
The pathophysiology of chemotherapy-induced cognitive 
impairment is complex and involves multiple interrelated 
mechanisms (Murillo et al., 2023). Direct neurotoxic effects 
of chemotherapeutic agents on the central nervous system 
have been implicated, including neuronal damage, reduced 
neurogenesis, and white matter alterations (López-Gómez et 
al., 2022; Gupta et al., 2022). Chemotherapy can induce 
oxidative stress and inflammation, which further contribute 
to neural injury. Additionally, vascular injury, disruption of 
the blood-brain barrier, and hormonal changes, particularly 
in estrogen levels, may play roles (Pospelova et al., 2022; 
Alotayk et al., 2023). Genetic predispositions and individual 
differences in cognitive reserve—the brain’s resilience to 
damage—also influence susceptibility to cognitive 
impairment (Cordeiro et al., 2024). 
Despite the growing recognition of chemo brain, the 
diagnosis remains challenging due to the lack of standardized 
criteria and objective biomarkers (Chiu & Yen, 2023). 
Cognitive deficits are often subtle and can be difficult to 
detect using routine clinical neuropsychological tests (Alzola 
et al., 2024). Moreover, confounding factors such as fatigue, 
depression, anxiety, and sleep disturbances, which are 
common in cancer survivors, may overlap with or contribute 
to cognitive symptoms (Wu et al., 2024). This highlights the 
need for comprehensive assessments combining subjective 
patient reports with objective cognitive testing and 
neuroimaging techniques (Oldacres et al., 2023). 
Addressing chemotherapy-induced cognitive impairment is 
critical for improving the quality of life and functional 
outcomes of breast cancer survivors (Henneghan et al., 
2024). Currently, there are no approved pharmacological 
treatments specifically targeting chemo brain, and 
management primarily focuses on supportive care (Anand et 
al., 2023). Cognitive rehabilitation programs, including 
computerized cognitive training and compensatory 
strategies, have shown promise in improving cognitive 
function and daily functioning (Krellman & Mercuri, 2023). 
Physical exercise and mindfulness-based interventions may 
also mitigate cognitive symptoms by reducing inflammation 
and enhancing neuroplasticity (Leow et al., 2023). 
Importantly, early identification and monitoring of cognitive 
changes during and after chemotherapy can facilitate timely 
interventions (Bianchini et al., 2024). 
Research efforts are increasingly focused on understanding 
risk factors for chemo brain to enable personalized 
approaches to prevention and treatment (Hertz et al., 2023). 
Factors such as age, education level, baseline cognitive 
function, genetic polymorphisms (e.g., APOE genotype), and 
comorbidities have been explored (Hsiao et al., 2024). 
Furthermore, studies are investigating the differential 
neurotoxic effects of various chemotherapeutic regimens and 
combinations, aiming to optimize treatment protocols that 
minimize cognitive risks without compromising cancer 
control. 
In summary, chemotherapy-induced cognitive impairment 
represents a significant survivorship issue for breast cancer 
patients, with substantial implications for their psychosocial 

and functional well-being. As survival rates continue to 
improve, addressing the long-term cognitive side effects of 
cancer treatment is paramount. Multidisciplinary approaches 
involving oncologists, neuropsychologists, rehabilitation 
specialists, and mental health professionals are essential for 
comprehensive care. Continued research into the 
mechanisms, risk factors, and effective interventions for 
chemo brain will pave the way for better management 
strategies, ultimately enhancing the quality of life of breast 
cancer survivors globally. 
 
METHODOLOGY 
This study employed a cross-sectional design to evaluate the 
prevalence and characteristics of chemotherapy-induced 
cognitive impairment among breast cancer survivors. A total 
of 150 female breast cancer survivors aged 30 to 65 years, 
who had completed adjuvant chemotherapy within the past 
6 to 24 months, were recruited from oncology clinics at 
tertiary care hospitals. Inclusion criteria required participants 
to have no prior history of neurological or psychiatric 
disorders and to be free of active cancer at the time of 
assessment. Cognitive function was assessed using a 
standardized battery of neuropsychological tests targeting 
domains commonly affected by chemotherapy, including 
memory (Rey Auditory Verbal Learning Test), attention and 
processing speed (Trail Making Test Parts A and B), executive 
function (Stroop Color-Word Test), and verbal fluency 
(Controlled Oral Word Association Test). Subjective cognitive 
complaints were measured using the Functional Assessment 
of Cancer Therapy-Cognitive Function (FACT-Cog) 
questionnaire. Additional data on demographic variables, 
treatment regimens, fatigue levels (Brief Fatigue Inventory), 
depression and anxiety symptoms (Hospital Anxiety and 
Depression Scale), and quality of life (EORTC QLQ-C30) were 
collected through structured interviews. Statistical analysis 
involved descriptive statistics to determine the prevalence of 
cognitive impairment, and multiple regression models to 
explore associations between chemotherapy exposure, 
psychological factors, and cognitive outcomes. Ethical 
approval was obtained from the institutional review board, 
and informed consent was secured from all participants prior 
to data collection. 
 
RESULTS 
A total of 150 breast cancer survivors who had completed 
chemotherapy were assessed for cognitive impairment. The 
mean age of participants was 48.7 ± 8.9 years. The majority 
had received anthracycline and taxane-based chemotherapy 
regimens. Cognitive assessment revealed that 56% (n=84) of 
the survivors exhibited objective cognitive impairment in at 
least one domain compared to normative data. 
Table 1: Demographic and Clinical Characteristics of 
Participants (N=150) 

Variable Value 

Age (mean ± SD) 48.7 ± 8.9 years 

Time since chemotherapy (months) 12.5 ± 5.3 
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 Education level (%) 
 

- Primary 35 (23%) 

- Secondary 72 (48%) 

- Higher education 43 (29%) 

Chemotherapy regimen (%) 
 

- Anthracycline-based 90 (60%) 

- Taxane-based 80 (53%) 

- Combination 70 (47%) 

Hormonal therapy post-chemo (%) 100 (67%) 

 
Table 2: Prevalence of Cognitive Impairment by Cognitive 
Domain 

Cognitive Domain Number 

Impaired 

(n) 

Percentage 

(%) 

Memory 65 43.3 

Attention/Processing 

Speed 

58 38.7 

Executive Function 47 31.3 

Verbal Fluency 38 25.3 

Overall Impairment* 84 56.0 

*Defined as impairment in one or more cognitive domains. 

 

Subjective cognitive complaints reported via FACT-Cog 
correlated significantly with objective measures (r = 0.56, p < 
0.001). Fatigue levels were elevated in participants with 
cognitive impairment (mean score 6.4 vs. 3.1, p < 0.01). 
Symptoms of depression and anxiety were also higher in the 
impaired group, indicating a possible interaction between 
psychological distress and cognitive function. 
Regression analysis identified age (β = 0.32, p = 0.005), time 
since chemotherapy (β = -0.25, p = 0.02), and fatigue (β = 
0.38, p < 0.001) as significant predictors of cognitive 
impairment after adjusting for education and hormonal 
therapy. 
Table 3: Multiple Regression Analysis Predicting Cognitive 
Impairment 

Predictor Beta 

(β) 

Standard 

Error 

p-

value 

Age 0.32 0.11 0.005 

Time since 

Chemotherapy 

-0.25 0.10 0.02 

Fatigue Score 0.38 0.09 <0.001 

Depression Score 0.18 0.12 0.08 

Education Level -0.12 0.10 0.15 

Hormonal 

Therapy 

0.05 0.09 0.60 

 

 
These results suggest that over half of breast cancer survivors 
experience measurable cognitive deficits after 
chemotherapy, particularly in memory and attention 
domains. Psychological factors such as fatigue and mood 
disturbances are closely associated with cognitive outcomes, 
underscoring the need for comprehensive survivorship care 
addressing both cognitive and emotional health. 
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 DISCUSSION 
This study highlights the significant prevalence of 
chemotherapy-induced cognitive impairment among breast 
cancer survivors, with 56% of participants demonstrating 
objective deficits in at least one cognitive domain. These 
findings align with existing literature that reports cognitive 
dysfunction as a common and persistent side effect of 
chemotherapy in breast cancer patients. The most affected 
domains in our study—memory and attention/processing 
speed—are consistent with previous research, which 
frequently identifies these cognitive areas as vulnerable to 
chemotherapy-related neurotoxicity. 
The significant correlation between subjective cognitive 
complaints and objective test results supports the validity of 
patients’ self-reported cognitive difficulties, emphasizing the 
importance of incorporating patient perspectives into 
assessment and management strategies. However, it is also 
important to recognize that subjective complaints may be 
influenced by psychological factors such as fatigue, anxiety, 
and depression. Our data confirm that fatigue and mood 
disturbances are more pronounced among survivors with 
cognitive impairment, suggesting a complex interplay 
between emotional and cognitive symptoms. This reinforces 
the need for multidisciplinary interventions that address both 
cognitive and psychological health in breast cancer 
survivorship care. 
Age emerged as a significant predictor of cognitive 
impairment, which is consistent with the notion that older 
survivors may have diminished cognitive reserve, making 
them more susceptible to the neurotoxic effects of 
chemotherapy. Additionally, the inverse relationship 
between time since chemotherapy and cognitive impairment 
suggests that cognitive function may improve over time for 
some patients, although a subset experiences persistent 
deficit. Fatigue’s strong association with cognitive 
impairment further implicates systemic factors such as 
inflammation and disrupted sleep in the pathophysiology of 
chemo brain. 
Interestingly, hormonal therapy and education level did not 
significantly predict cognitive outcomes in our study, which 
contrasts with some previous reports. This discrepancy could 
be due to differences in sample size, study design, or 
population characteristics, warranting further investigation. 
Understanding individual risk factors and mechanisms 
underlying chemo brain is essential to developing 
personalized prevention and rehabilitation strategies. 
Currently, there are no standardized treatments for 
chemotherapy-induced cognitive impairment, and 
management focuses primarily on supportive care and 
cognitive rehabilitation. Our findings underscore the urgent 
need for developing evidence-based interventions targeting 
both cognitive symptoms and associated fatigue and mood 
disturbances. Future research should also explore biomarkers 
and neuroimaging correlates to improve diagnosis and 
monitor treatment response. 
Overall, this study contributes to the growing body of 
evidence on the cognitive sequelae of chemotherapy in 
breast cancer survivors and highlights the importance of 

integrating cognitive assessments into routine survivorship 
care to enhance long-term quality of life. 
 
CONCLUSION 
Chemotherapy-induced cognitive impairment is a prevalent 
and impactful complication among breast cancer survivors, 
affecting over half of patients in this study. Memory and 
attention deficits were most common, with cognitive 
dysfunction closely linked to fatigue and psychological 
distress. Age and time since chemotherapy were significant 
predictors of cognitive outcomes, suggesting that 
vulnerability and recovery trajectories vary among 
individuals. These findings emphasize the need for 
comprehensive survivorship care models that incorporate 
cognitive and emotional health assessments and 
interventions. Further research is needed to elucidate the 
mechanisms of chemo brain and develop targeted therapies 
to mitigate its effects, ultimately improving the quality of life 
and functional independence of breast cancer survivors. 
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