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A B S T R A C T   

Many patients return to cognitively demanding work after breast cancer treatments. This makes treatment- 
related cognitive decline an important research topic. Psychological resilience, cognitive reserve and better 
perceived general health may work as protective factors against cognitive decline. The aim of this study was to 
analyse whether these factors are associated with cognitive function among such women. 

Data from 384 breast cancer survivors who underwent neuropsychological examination at follow-up 4–9 years 
after surgery were used. The neurocognitive domain variable Learning and Memory was computed from Wechsler 
Memory Scale-III subtests Learning and Delayed Recall. Another variable, Attention, Processing speed and Executive 
function, was computed from semantic and verbal fluency tests, Trail Making Test A and B, and Wechsler Adult 
Intelligence Test-IV subtest Coding. Psychological resilience was measured with Resilience Scale-14, and 
perceived general health with RAND-36 subitem General Health. 
Results: showed that levels of cognitive performance and general health were statistically higher than population 
average. Resilience and general health in separate models were associated with Attention, Processing speed and 
Executive function (β = 0.14, p = 0.01; β = 0.13, p = 0.03, respectively). When added simultaneously in the same 
model, resilience was significant (β = 0.13, p = 0.04), but general health was not. These associations were 
nonsignificant after controlling for confounding factors. Learning and Memory was not associated with resilience 
or general health. 
Future research should focus on longitudinal studies identifying patients at a high risk of developing cognitive 
decline after breast cancer treatments and on preventive and therapeutic approaches.   

1. Introduction 

Thanks to improved screening and treatment [1], mortality from 
breast cancer (BC) has decreased, and good quality of life after BC 
treatments has become an important goal [2]. Many patients return to 
cognitively demanding work, making treatment-related cognitive 
decline an important research topic. A recent review concluded that 
24% of the patients have cognitive impairment immediately after 
chemotherapy and that it remains at a similar level at follow-up [3]. 
However, 25% of the patients already had cognitive impairment before 
chemotherapy [3], suggesting that other causes need to be considered as 
possible risk factors. Another meta-analysis showed that BC patients 
treated with chemotherapy demonstrated overall cognitive impairment 
(e.g. attention, executive function) when compared with healthy con-
trols, but not when compared with BC survivors who had not received 

chemotherapy [4], suggesting that other factors associated with breast 
cancer and its treatment may have an effect. 

Endocrine therapy may also be associated with impaired cognition, 
but its effects may emerge later [5] than after chemotherapy. Some 
patients improve over months or years after BC treatments but others 
experience long-term cognitive impairment, lasting up to 20 years after 
treatment [6]. It has been suggested that a subgroup of BC patients 
experience cognitive decline [7] and that those who develop long-term 
cognitive decline may have an underlying risk of, for example, demen-
tia, which is exacerbated by chemotherapy or the stress and other psy-
chological responses associated with BC [4,8]. For example, anxiety and 
depressive symptoms are more frequent among BC survivors [9], while 
fatigue [10], poor sleep [11], and persistent pain may also be associated 
with worse cognitive performance [12]. 

Psychological resilience is an individual’s ability to maintain or 
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recover relatively stable psychological and physical functioning during 
or after exposure to significant life adversities [13]. Among cancer pa-
tients, resilience is a dynamic process that promotes adaptation to 
cancer-related adversity [14]. Resilience is built from personal charac-
teristics and protective factors, such as optimism, positive emotion, 
self-esteem, coping or social support [14]. Among BC patients, resilience 
is associated directly with psychological wellbeing [15,16] and physical 
symptom burden [17]. We have previously shown that resilience mod-
erates the association between anxiety and pain experience in BC sur-
vivors [15]. Resilience might protect a person against cognitive decline 
by adding more psychological flexibility, activity, and adaptive coping 
skills throughout the lifespan. In this study, general health captures the 
patients’ subjective perception of health. In a recent study on breast 
cancer patients, higher resilience associated with higher general health 
and had a greater effect through affective well-being than directly [18]. 
General health has been reported to be lower in women having BC than 
in the general population [19]. 

Cognitive reserve [20] refers to individual differences that can pro-
tect against or compensate for cognitive decline related to brain pa-
thology or normal ageing. Education and cognitively challenging 
activities, such as hobbies, social activities, and information-seeking, 
can strengthen cognitive reserve through better compensatory mecha-
nisms. There is some evidence that cognitive reserve can protect against 
cognitive impairment after BC treatments [21–23] and should therefore 
be controlled when studying cognitive performance. Lower cognitive 
reserve has been reported to be associated with depression and anxiety 
[24,25], which are more prevalent in BC patients than in the general 
population [26,27]. Objective cognitive performance in BC survivors 
has not been thoroughly studied with an extensive neuropsychological 
test battery with long follow up together with psychological protective 
factors. 

The aim of the present study was to analyse how resilience and 
perceived general health associate with cognitive function. We 
hypothesised that higher resilience and better self-reported general 
health associate with better cognitive function among women treated 
for BC. 

2. Methods 

The study was approved by the Coordinating Ethics Committee of the 
Helsinki and Uusimaa Hospital District (reference number 149/13/03/ 
00/14) and registered in ClinicalTrials.gov (NCT02487524). All 
participating patients gave written informed consent. 

3. Patients 

This study is part of a larger project studying neuropathic pain 
following BC surgery (NeuroPain cohort). Participants in NeuroPain 
were recruited from a cohort of 1000 women treated for BC at Helsinki 
University Hospital 2006–2010 (BrePainGen cohort) [28]. For the 
original cohort, patients were eligible if younger than 75 years, with 
unilateral non-metastasised BC, treated with either breast-conserving 
surgery or mastectomy, and sentinel node biopsy and/or axillary 
clearance surgery. Oncological adjuvant treatments were given ac-
cording to international and local guidelines [29]. These were radio-
therapy, chemotherapy (docetaxel, 5-fluorouracil, epirubicin, and 
cyclophosphamide), trastuzumab, and endocrine therapy (anti--
oestrogens, aromatase inhibitors, LHRH agonists or combinations), 
based on clinical indications. 

The patients in the NeuroPain study have previously been described 
in detail [30]: 401 patients underwent neuropsychological examination 
at the follow-up visit 4–9 (median 6) years after surgery; 17 were 
excluded from analyses due to certain neurological or psychiatric dis-
orders or ongoing cancer treatments (Fig. 1). 

4. Tests and questionnaires 

Wechsler Adult Intelligence Test-IV (WAIS-IV) subtest Coding [31], 
Wechsler Memory Scale-III (WMS-III) subtests Learning and Delayed 
Recall [32], semantic and phonemic verbal fluency tests [33,34], and 
Trail Making Test Parts A and B [35], were used to evaluate cognitive 
performance. Age is a well-known factor affecting neurocognitive per-
formance and therefore age-corrected values of test scores are always 
used in clinical practice. Information about the average test performance 
in specific age groups in the Finnish population was used to convert each 
patient’s raw test score into age-corrected normative values, describing 
how many standard deviations (SD) below or above the age group 
average a patient performed. These corrected values are also in the same 
scale (z-scores) with each other. Instead of multiple separate test scores, 
we decided to create two, more informative, neurocognitive domain 
variables: 1) Learning and Memory and 2) Attention, Processing speed 
and Executive function. Learning and Memory was computed as a mean 
z-score from WMS-III Learning and Delayed Recall. Attention, Process-
ing speed and Executive function was computed as a mean z-score from 
semantic and verbal fluency, coding, Trail Making A and B. The scores 
from these domain variables tell how many SD above or below the 
person performs on average in tests measuring that cognitive domain in 
her age group. 

Patients reported their worst pain intensity during the past week on a 
Numerical Rating Scale (NRS) from 0 to 10 (0 no pain, 10 worst possible 
pain). They also reported pain interference during the past week on an 
NRS (0–10: 0 not at all, 10 very much). Pain intensity NRS ≥4 is clas-
sified as clinically significant [36]. As pain interference is better asso-
ciated with life-satisfaction and mood than with pain [37], we used pain 
interference as the covariate rather than pain intensity. 

Insomnia symptoms were measured by Insomnia Severity Index (ISI), 
a 7-item questionnaire measuring the patient’s perception of her sleep 
quality [38]. Patients answer on a Likert scale (0–4), the total varying 
from 0 to 28, a higher score indicating worse symptoms; the clinically 
significant level is ≥ 8 points (mild). 

Depressive symptoms and anxiety were measured by Hospital Anx-
iety and Depression Scale (HADS), a 14-item questionnaire [39] 
answered on a 0–3 Likert scale. The total for the D and A subscales varies 
from 0 to 21, a higher score indicating more serious symptoms. The 
clinically significant level for both subscales is ≥ 8 points [39]. In this 
study, we calculated overall psychological distress by combining 
HADS-D and HADS-A as one variable. 

We used the Modified Cognitive Reserve Scale (mCRS) [40] to 
measure cognitive reserve as lifelong attainment in leisure activities. 
This comprises 20 questions about studying and information-seeking, 

Fig. 1. Flow-chart of the paitents from the orginal cohort BrePainGen 
(consecutive cohort of women treated for breast cancer) to NeuroPain(study for 
pain following surgical nerve leasion) and the current cohort. 
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hobbies and social relationships. The patient indicates on a Likert scale 
(0–4) how often she participates in certain activities. The mCRS mea-
sures cognitive reserve in up to three age ranges: 18–35, 36–64, and 65 
years and older (as appropriate to the participant’s age). The mean of 
each item across the time points is then calculated, the total score 
varying from 0 to 80: a higher score indicates greater cognitive reserve. 
The mCRS was completed by 382 patients. Questionnaires with more 
than 20% of missing values were not analysed. 

Patients’ levels of resilience were measured with the Resilience Scale 
(short version) (RS-14) [41]. Patients addressed 14 items on a 1–7 Likert 
scale, the total score ranging from 14 to 98 points (higher scores rep-
resenting greater resilience). 

Level of education was recorded as “low” (primary school), “me-
dium” (secondary or vocational school), or “high” (university of applied 
sciences or higher). 

We used the “General Health” sub-item from RAND-36 (a health- 
related quality of life measurement questionnaire) to evaluate pa-
tients’ subjectively perceived general health [42]. Adjusted for age and 
gender, the general health varies from 0 to 100, higher numbers indi-
cating better perceived general health. 

5. Statistical analyses 

One sample t-tests were used to test if cognitive domains differed 
from the expectation (z-score 0). Independent sample t-tests were used 
to compare cognitive performances of groups of patients as continuous 
variables. Pearson’s Chi-Squared test was used when comparing groups 
in categorical variables. Associations between continuous variables 
were estimated with Pearson’s correlations. 

Patients were allocated into groups according to the clinical signif-
icance of their reported insomnia (ISI ≥8 points), depressive symptoms 
(HADS-D ≥ 8 points), anxiety symptoms (HADS-A ≥ 8 points) or pain 
(NRS ≥4). We then selected patients with clinically significant symp-
toms in all four areas mentioned (burden). Independent sample t-tests 
were used to compare patients with clinically significant symptoms to 
those without. 

Linear regression was used to test the effect of resilience and general 
health on cognitive performance measured as two cognitive domains 
(Model 1): a) Learning and Memory and b) Attention, Processing speed 
and Executive function. In the second step (Model 2), models were 
controlled by factors known to affect cognitive performance: cognitive 
reserve, pain interference, insomnia symptoms, depressive symptoms, 
and anxiety were added to the models. Variance Inflator Factor and 
tolerance and the variance proportions from collinearity diagnostics 
were checked for possible multicollinearity of the independent vari-
ables. Regression residual scatter plots were checked to make sure that 
the model fitted the data. The statistically significance level used for all 
analyses was 0.05. Statistical analyses were performed using SPSS 25.0 
version for Windows (SPSS INC, Chicago, IL). 

6. Results 

6.1. Descriptive statistics 

Descriptive statistics for the whole sample are presented in Table 1 
and the associations between the variables in Table 2. 

Patients included in this study (n = 384) were compared with pa-
tients from the original cohort who had declined participation (n = 119). 
There was no difference in descriptive statistics for the main variables, 
but patients who declined had a lower proportion with a high educa-
tional level (35% vs 60%, p < 0.05). 

Patient-reported general health was higher than for Finnish women 
on average (73.9 [19.7] vs 65.4 [19.4], p ≤ 0.001), even though the 
scores were controlled for age. 

The average z-score in Learning and Memory, 0.14 (0.83), exceeded 
that of the female population average (t = 3.33, p < 0.001, n = 383). For 

Attention, Processing speed and Executive function, the average z-score 
was 0.82 (0.72), also higher than the population average (t = 22.16, p =
0.001, n = 383). 

We defined cognitive decline as performance 1.5 SD or more below 
the population average. The performance of 16 patients (4.2%) sug-
gested cognitive decline in the Learning and Memory domain; for 
Attention, Processing speed and Executive function, all were in the 
normal range. 

Patients who had received chemotherapy (n = 253) did not differ 
from those who had not (n = 128) for Learning and Memory (0.14 (0.84) 
vs 0.14 (0.80), t = − 0.03, p = 0.97) and Attention, Processing speed and 
Executive function (0.80 (0.73) vs (0.84 (0.72), t = − 0.46, p = 0.65). 
Time since chemotherapy (n = 252) was not associated with Learning 
and Memory (F = 0.33, p = 0.57) or Attention, Processing speed and 
Executive function (F = 0.03, p = 0.86). Patients who had received 
endocrine therapy (n = 285) did not differ from those who had not (n =
96) for Learning and Memory (0.16 (0.83)) vs 0.08 (0.84), t = − 0.83, p 
= 0.41) and Attention, Processing speed and Executive function (0.85 
(0.71) vs. 0.71 (0.76), t = - 1.69, p = 0.09). 

6.2. Resilience, general health and cognitive performance 

In the linear regression models (Table 3), the dependent variables 
Learning and Memory and Attention, Processing speed and Executive 
function were predicted by the independent variables resilience and 
general health (Model 1). The models were then controlled for cognitive 
reserve, psychological distress, insomnia symptoms, and pain interfer-
ence (Model 2). Resilience was associated with Attention, Processing 
speed and Executive function, but this did not remain significant after 
controlling for confounding factors (Table 3a). Similarly, general health 
was associated with Attention, Processing speed and Executive function, 
but this did not remain significant after controlling for confounding 
factors (Table 3b). When resilience and general health were added to the 
same model (Table 3c), resilience was a significant predictor, but gen-
eral health was not. Again, the association did not remain significant 

Table 1 
Descriptive statistics of the study cohort (N = 384).   

Mean SD n 
Age 61.75 8.05 384 
BMI 25.76 3.98 384 
Psychological distress 7.45 5.87 382 
Cognitive Reserve 36.28 7.78 360 
Resilience 78.45 12.72 382 
General Health 73.92 19.74 328 
Time since chemotherapy 72.56 14.36 252  

Median IQR n 

Pain Intensity 3 1–5 384 
Pain Interference 1 0–4 384 
Insomnia symptoms 6 3–11 379  

n %  

Pain sites 
0 66 17  
1-2 178 46  
3 or more 140 36  

Education 
Low 53 14  
Medium 87 23  
High 244 64  

Adjuvant treatments 
Chemotherapy 253 66  
Radiotherapy 260 68  
Endocrine therapy 285 75  

Age in years; BMI = Body Mass Index; Psychological distress (HADS, [0–42]); 
Cognitive Reserve (CRS, [0–80]); Resilience (RS-14, [14–98]); General Health 
(General Health subdimension in SF-36, [0–100]); Time since chemotherapy 
(months); Insomnia Symptoms (ISI, [0–28]); Pain Intensity NRS (0–10); Pain 
interference NRS (0–10); Interquartile range (IQR). 
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when controlled for confounding factors. 
Patients with clinically significant depressive symptoms, insomnia 

symptoms, or pain, were compared with those without: cognitive 
function did not differ (Table 4). Finally, groups where all these 
vulnerability factors were present at clinically significant levels were 
compared with patients not belonging to any of these groups: cognitive 
performance did not differ between these groups. 

7. Discussion 

We found that cognitive performance 4–9 years after BC surgery was 
on average within normal range according to epidemiological studies on 
population performance. Higher resilience and perceived general health 
were associated with better performance on the cognitive domain 
Attention, Processing speed and Executive function. Even in the 

presence of clinically significant vulnerability factors (pain, insomnia, 
depressive or anxiety symptoms), the women in the present study were 
able to perform well in cognitive testing. BC treatments were not asso-
ciated with cognitive performance in this cohort. 

The overall level of cognitive performance in this study was good and 
the incidence of patients with cognitive decline was small. These are 
more positive results than has previously been reported. Follow-up times 
have usually been much shorter than in our study. In a recent review, 
21% of the patients treated for BC showed cognitive decline up to 1 year 
after treatments [3]. Typically, follow-up times have been around 1 
year, although neurocognitive impairments have been reported even up 
to 10 [43] or 17 years [44] after treatments. In our study, we found an 
association of Attention, Processing speed and Executive function with 
resilience and general health, which might be more sensitive to very 
subtle changes than is memory processing. 

Table 2 
Correlation table of the study variables N = 384.   

Attention, Processing 
speed and Executive 
function 

Learning and 
Memory 

Resilience General 
Health 

Cognitive 
Reserve 

Psychological 
distress 

Insomnia 
Symptoms 

Pain 
Interference 

Attention, Processing speed 
and Executive function 

1 .37** .16* .13* 0.11 ¡.13* − 0.08 0.03 

Learning and Memory  1 0.03 0.08 0.03 − 0.01 − 0.03 0.09 
Resilience   1 .41** .28** ¡.67** ¡.30** − 0.07 
General Health    1 0.11 ¡.59** ¡.41** ¡.38** 
Cognitive Reserve     1 − 0.11 − 0.02 0.05 
Psychological distress      1 .46** .28** 
Insomnia Symptoms       1 .33** 
Pain Interference        1 

Resilience (RS-14); General Health (General Health subdimension of SF-36); Cognitive Reserve (CRS); Psychological distress (HADS); Insomnia Symptoms (ISI); Pain 
Interference NRS (0–10): mild = 1–3; moderate to severe = 4–10. * correlation significant at the 0.05 level (2-tailed); **correlation significant at the 0.001 level (2- 
tailed). 

Table 3 
Linear regression models: (a) resilience and cognitive performance, n = 355. (b) General Health and cognitive performance, n = 308. (c) resilience, General Health, and 
cognitive performance, n = 308.    

Learning and Memory Attention, Processing speed and Executive function 
Model 1 Model 2 Model 1 Model 2 
β p В p β P β p 

a           
Resilience 0.03 0.57 0.01 0.91 0.14 0.01 0.06 0.40  
Cognitive reserve   0.06 0.33   0.09 0.11  
Psychological distress   0.02 0.76   − 0.06 0.42  
Insomnia Symptoms   − 0.09 0.15   − 0.07 0.29  
Pain Interference: mild   0.01 0.83   0.08 0.20  
Pain Interference: moderate to severe   0.09 0.18   0.10 0.13  
Model  0.57  0.55  0.01  0.04  
Adj R2 0.00  0.00  0.02  0.02  

b           
General Health 0.08 0.15 0.14 0.06 0.13 0.03 0.10 0.19  
Cognitive reserve   0.01 0.88   0.09 0.13  
Psychological distress   0.07 0.35   − 0.07 0.34  
Insomnia Symptoms   − 0.05 0.43   − 0.05 0.49  
Pain Interference; mild   0.02 0.80   0.06 0.39  
Pain Interference: moderate to severe   0.13 0.08   0.13 0.08  
Model  0.15  0.31  0.03  0.06  
Adj R2 0.00  0.00  0.01  0.02  

c           
Resilience − 0.01 0.94 0.02 0.76 0.13 0.04 0.09 0.24  

General Health 0.08 0.18 0.14 0.07 0.07 0.23 0.09 0.21  
Cognitive reserve   0.00 0.96   0.07 0.27  
Psychological distress   0.09 0.35   − 0.01 0.91  
Insomnia Symptoms   − 0.05 0.43   − 0.05 0.50  
Pain Interference: mild   0.02 0.81   0.06 0.43  
Pain Interference: moderate to severe   0.13 0.09   0.12 0.11  
Model  0.35  0.41  0.01  0.07  
Adj R2 0.00  0.00  0.02  0.02  

Resilience (RS-14); Cognitive Reserve (CRS); Psychological distress (HADS); Insomnia Symptoms (ISI); Pain Interference NRS (0–10): mild 1–3; moderate to severe 
4–10; General Health (General Health subdimension in SF-36); Standardized Beta Coefficient (β) Adjusted R-squared (Adj R2). 
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We studied objective neurocognitive performance in BC patients in 
general and also the role of chemotherapy. Previous studies on BC and 
cognitive impairment are heterogeneous in whether perceived or 
objective cognitive performance, the role of BC in general or the effect of 
chemotherapy, has been assessed. The correlation between perceived 
and objective cognitive performances is rather weak and it has been 
suggested that they measure different phenomena [45]. Subjective 
cognitive complaints are reported by BC survivors [46] more frequently 
than the objectively observed prevalence of neurocognitive decline 
[47]. 

Few studies have assessed cognitive reserve in BC patients, with the 
evidence so far suggesting a role of CR as a compensatory mechanism 
against cognitive impairment after BC treatments [21–23]. Lower CR 
has been suggested as a risk factor for future Alzheimer’s disease among 
chemotherapy-treated BC patients with a particular profile of brain 
structure [22]. 

In our study, we did not find cognitive reserve to have a protective 
effect on cognitive performance. This could be explained by the fact that 
in the highly educated and cognitively well-performing patients in our 
cohort, a “ceiling effect” of cognitive reserve and cognitive performance 
had been reached. The scores on the CRS in this study were lower than in 
a previous study in neurologically healthy Finnish-speaking participants 
(38% women). However, the difference is clinically very minor. The CRS 
is a new measuring tool, not previously used among BC-treated women, 
especially in countries with high education levels such as Finland. 

The level of resilience in this study cohort was slightly lower than in 
previous studies among BC-treated women [48,49]. In researching 
resilience in BC patients, the focus has been on a strong association with 
anxiety, depression, health-related quality of life, coping styles, and 
perceived social support [16]. Earlier clinical stages of BC and its 
treatment type (chemotherapy, conservative surgery) is associated with 
higher resilience while number of courses of adjuvant therapy, symptom 
burden or severity, and greater physical symptom distress are associated 
with lower resilience [16]. These results may be understood in the 
multifactorial context of resilience. More robust trait-like resilience may 

affect health behavior, with highly resilient people seeking medical care 
more rapidly when symptoms first emerge. On the other hand, more 
reactive state-like resilience may decrease as a reaction to worsening 
clinical progression. Research into associations between time since 
diagnosis or treatment and level of resilience have had mixed and 
inconsistent results [16] and no such association was found in our study. 

In general, resilience has been shown to be positively associated with 
perceived general health in BC patients [19], in line with our results. In a 
recent study of BC-treated women [19], patient-reported general health 
was slightly lower than in our study, but the associations between 
perceived general health and resilience were very similar. 

7.1. Clinical implications 

According to our results, women who survive BC and its treatments 
mostly manage cognitively well after treatments, though it is possible 
that there is a fragile subgroup of women who are more affected. In 
clinical practice, if cognitive impairment is suspected, referral to a 
neuropsychologist for further evaluation is recommended. It would be 
important to identify patients with low resilience who are therefore at 
risk of deteriorating general health when cancer is diagnosed and who 
therefore need more intense psychological support in addition to stan-
dard BC treatment. 

In a recent review, most of the resilience-enhancing intervention 
programmes for BC patients were found to be effective in improving 
participants’ quality of life [16]. These included adaptive coping stra-
tegies, social support, education, and stress management skills [16]. 
Resilience-enhancing interventions could also be beneficial for cognitive 
performance as the current study shows this to be partly associated with 
resilience. 

7.2. Strengths and limitations 

A strength of this study is the use of a thorough neuropsychological 
test battery, giving more robust information about the patient’s 

Table 4 
Cognitive performance in subgroups of clinically significant depressive symptoms (a), anxiety (b), insomnia symptoms (c), pain (d), and all these factors present 
simultaneously (e).   

clinically significant depressive symptoms depressive symptoms below clinical significance   
Mean SD n Mean SD n t p 

a. Depressive symptoms (HADS-D ≥ 8) 
Learning and Memory 0.05 1.01 34 0.15 0.81 384 0.56 0.58 
Attention, Processing speed and Executive function 0.72 0.90 34 0.83 0.71 384 0.70 0.49  

clinically significant anxiety anxiety below clinical significance   
Mean SD n Mean SD n t p 

b. Anxiety (HADS-A ≥ 8) 
Learning and Memory 0.14 0.98 59 0.15 0.80 323 0.01 0.99 
Attention, Processing speed and Executive function 0.76 0.88 59 0.83 0.69 323 0.60 0.55  

clinically significant insomnia insomnia below clinical significance   
Mean SD n Mean SD n t p 

c. Insomnia symptoms (ISI ≥ 8) 
Learning and Memory 0.14 0.84 160 0.14 0.82 219 − 0.03 0.98 
Attention, Processing speed and Executive function 0.78 0.69 160 0.85 0.74 219 0.89 0.37  

clinically significant pain pain below clinical significance   
Mean SD n Mean SD n t p 

d. Pain (NRS ≥ 4) 
Learning and Memory 0.17 0.77 151 0.12 0.87 233 − 0.49 0.63 
Attention, Processing speed and Executive function 0.83 0.74 151 0.81 0.72 233 − 0.19 0.85  

burden no burden   
Mean SD n Mean SD n t p 

e. Clinically significant symptoms of depression, anxiety, insomnia and pain 
Learning and Memory 0.09 0.84 13 0.88 0.74 144 − 0.24 0.81 
Attention, Processing speed and Executive function 1.01 0.86 13 0.15 0.83 144 0.60 0.55 

Clinically significant depressive symptoms: HADS-D ≥ 8; clinically significant anxiety symptoms: HADS-A ≥ 8; clinically significant insomnia: ISI ≥8; clinically 
significant pain NRS (0–10) ≥ 4; burden: clinically significant depressive symptoms, anxiety, insomnia symptoms and pain. 
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cognitive functioning than a single test. Neuropsychological tests are 
more sensitive to subtle changes in cognitive functioning than shorter 
cognitive screening tools (e.g. Mini-Mental State Examination) [50]. Our 
study assessed a large and unselected cohort of BC-treated women, with 
a longer follow-up time than in similar studies. It is possible that 
cognitive problems after cancer treatments are short term and amelio-
rate with time, as seen with the longer follow-up. 

A limitation is the cross-sectional study design. A longitudinal design 
would be preferable in future BC studies since cognitive decline has also 
been reported prior to treatments, possibly cancer-related or caused by 
other mechanisms [3], and this design would provide more detailed 
information about such cognitive changes [7]. The current study rep-
resents women with a high level of education which can also be 
considered as a limitation even though our cohort represents the general 
population of Finnish women being treated for breast cancer. 

8. Conclusion 

This study has shown that cognitive function is on average at a good 
level some years after BC treatments. In addition, we have shown that 
higher psychological resilience and perceived general health are asso-
ciated with better cognitive performance. This is important information 
both for patients and for clinicians involved in the treatment of BC. 
Future research should focus on longitudinal studies of patients at a 
higher risk of cognitive decline after BC treatments. Further, more 
sensitive neurocognitive tests need to be developed to capture more 
subtle changes in cognitive performance. 
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[37] Sipilä R, Kalso E, Lötsch J. Machine-learned identification of psychological 
subgroups with relation to pain interference in patients after breast cancer 
treatments. Breast 2020;50:71–80. S0960-9776(20)30057-6 [pii]. 

[38] Morin CM, Belleville G, Belanger L, Ivers H. The insomnia severity index: 
psychometric indicators to detect insomnia cases and evaluate treatment response. 
Sleep 2011;34(5):601–8. 

[39] Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety 
and Depression Scale. An updated literature review. J Psychosom Res 2002;52(2): 
69–77. doi: S0022399901002963 [pii]. 
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