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Abstract 

Purpose: This study aimed to identify medical and psychological predictors for cognitive 

performance of breast cancer (BC) patients before the start of adjuvant systemic 

treatment and to compare cognitive performance between BC patients and healthy 

controls adjusting for medical and psychological variables.  

 

Material: 205 postmenopausal BC patients underwent pre-treatment neuropsychological 

tests and provided medical and psychological data. 124 healthy controls underwent the 

same assessment.  

 

Results: ‘Treatment for diabetes mellitus’ and/or ‘hypertension’, ‘less hours spent on 

cognitively stimulating activities’, ‘fewer days since surgery’ and ‘more reproductive years’ 

were associated with worse cognitive performance in the BC patients, independent of age 

and IQ. Cognitive differences between BC patients and healthy controls could partly be 

explained by the evaluated variables.  

 

Conclusion: The results stress the need for adjustment for pre-treatment cognitive 

differences between study groups, and also indicate that further research into pre-

treatment cognitive dysfunction is warranted. 
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Introduction 

The effects of adjuvant systemic therapy on cognitive functioning in breast cancer (BC) 

patients are increasingly studied. Many of the published studies showed cognitive deficits 

after the administration of chemotherapeutic drugs, at least in a subset of cancer 

patients.
1
 While early studies mainly were cross-sectional in nature, recent studies 

predominantly have a prospective design with a baseline measurement (i.e. before the 

start of adjuvant therapy). Most
2-7

, but not all
8-11

 of the latter studies showed that a subset 

of BC patients performed below expected levels already before the start of adjuvant 

therapy. Little is known about the possible explanations of this pre-treatment cognitive 

impairment that is reported in the majority of studies. Possible explanations postulated in 

the literature include methodological issues
12

, aspects of the biology of BC that influence 

cognitive functioning, as well as shared risk factors for the development of cancer and 

cognitive impairment, although empirical evidence for the latter explanations is lacking.
13

 

Alternative explanations for cognitive impairment before the start of adjuvant systemic 

treatment could be factors related either to BC treatment (e.g. lingering effects of surgery 

and anesthesia
14

, radiotherapy) and to fatigue, anxiety/distress or depression secondary 

to the diagnosis and treatment of BC.
1
 Further, factors associated with activities in daily 

life (such as frequency of physical
15

 and cognitively stimulating activities (e.g. reading, 

playing games, making puzzles)
16

, co-morbidities (for example diabetes mellitus
17

, 

hypertension
18

), as well as estrogen exposure during lifetime
19

 might be involved in 

cognitive performance after BC diagnosis.  

 

In order to increase the understanding of the occurrence of cognitive impairment prior to 

the start of systemic treatment, the aims of this study were twofold. The first aim was to 

identify, out of a range of relevant medical and psychological variables, predictors for 

cognitive performance in postmenopausal BC patients before the start of adjuvant 

systemic therapy. Secondly, we aimed to compare cognitive functioning of the BC patients 

with that of healthy controls, and determined the explanatory role of the evaluated 

factors.  
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Materials and methods 

Participants and enrollment procedure 

This study was conducted within the framework of a prospective study on the influence of 

two types of endocrine therapy (tamoxifen and exemestane) on cognitive functioning in 

postmenopausal BC patients. Dutch female BC patients participating in the Tamoxifen and 

Exemestane Adjuvant Multinational trial (TEAM trial; an international, open label, 

randomized study) were invited to take part in the neuropsychological side study. The 

TEAM trial compares the efficacy and safety of 5 years of adjuvant exemestane 

(aromatase inhibitor) with 2,5 years of tamoxifen (selective estrogen receptor modulator, 

SERM) followed by 2,5 years of exemestane in postmenopausal women with early, 

hormone-sensitive BC. Detailed in- and exclusion criteria of the TEAM trial are described 

elsewhere.
20

 In short, patients had histologically/cytologically confirmed adenocarcinoma 

of the breast, had undergone surgery with
 
a curative intent and had an estrogen

 
receptor- 

and/or progesterone receptor-positive tumor. For the neuropsychological side study 

additional exclusion criteria were: adjuvant chemotherapy, Central Nervous System (CNS) 

disease, not being fluent in Dutch and signs of dementia according to a dementia 

screenings tool (7 minutes screen
21

) .  

 

A healthy control group consisted of friends or family members, invited by the 

participating TEAM patients, of approximately the same age. Inclusion criteria for controls 

were: postmenopausal status, no history of CNS disease or malignant disease, fluent in the 

Dutch language and no signs of dementia according to a dementia screenings tool (7 

minutes screen).
21

 For this healthy control group, we aimed for a sample size of at least 

the sample size of the two separate patient groups (patients about to start with tamoxifen 

or exemestane). For the current study, we combined the tamoxifen and exemestane 

group into one patient group. Neuropsychological assessments in the BC patient group 

took place after surgery, but before the start of adjuvant systemic therapy.  

 

Tests and questionnaires were administered in a fixed order. The neuropsychological 

assessments took approximately 2.5 hours to complete. The medical ethic committees of 

all participating hospitals in the Netherlands approved the neuropsychological study. All 

participants provided written informed consent. 
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Measures 

Cognitive tests 

A comprehensive test battery, existing of 18 test indices, was designed to assess a broad 

range of cognitive functions (see table 3). Based on literature data and our 

neuropsychological expertise all tests were classified in one of eight cognitive domains 

(verbal memory, visual memory, information processing speed, executive functioning, 

manual motor speed, reaction speed, wording memory and verbal fluency, see table 3). 

Additionally, the Dutch Adult Reading Test was used as an estimate for verbal 

intelligence.
22

 The tests were selected for reliability, validity, sensitivity for effects of 

hormones and suitability for older age groups.  

 

Determination of covariates 

Information on demographic, medical and psychological variables was collected from 

either the questionnaires or the medical files. In following paragraphs the items on which 

data were recorded are specified. 

 

Age, IQ 

Age and IQ are known strong predictors for cognitive test scores. IQ was estimated by 

means of the Dutch adult reading test (NART).
22

 

 

Comorbidity/medications 

Patients and healthy controls were asked whether they were treated for diabetes mellitus 

or/and hypertension (yes/no). Data on the current use of benzodiazepines (yes/no) and/or 

anti-depressants (yes/no) were extracted from the self-reported list of prescription 

medications provided at baseline by all participants.  

 

Indicators for lifetime estrogen exposure 

As an indicator for the lifetime period of endogenous estrogen exposure we calculated the 

number of years between the (self reported) menarche and the end of regular menstrual 

cycles, and subtracted for each child 9 months of this period of time. This is indicated as 

“reproductive period”.
23

 Furthermore, we asked for (ever) use of Hormone Replacement 

Therapy (HRT) (yes/no).  
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Physical and cognitively stimulating activities before BC diagnosis  

As measures for activities before BC diagnosis were taken: employment (yes/no); self 

reported mean number of hours daily spent on cognitively stimulating activities: reading 

and making (crossword) puzzles/games etc. (composite score of two 4-point items ranging 

from < 1 hour to > 4 hours), and quantity of physical activities: walking/cycling/sports 

activities and gardening (composite score of two 7-point scale items ranging from ‘hardly 

ever’ to ‘every day’). These measures are based on questionnaires that are used in a Dutch 

longitudinal aging study
24

 and by Statistics Netherlands (CBS; http://statline.cbs.nl). 

 

Variables related to breast cancer treatment (patients only) 

Days since definite surgery (lump- or mastectomy, or axillary dissection) for BC and 

ongoing radiotherapy (yes/no) were extracted from medical files. The physical functioning 

scale from the EORTC QLQ-C30 quality of life questionnaire was used as a measure for 

reported ongoing physical problems.
25

 This scale contains 5 items, each was rated on a 4-

point scale ranging from ‘not at all’ to ‘very serious’. 

 

Psychosocial measures 

To measure the level of anxiety/depression at the baseline assessment, the 25-item 

Hopkins Symptom Checklist (HSCL) was used. Participants rated all items on a 4-point 

scale. A mean item score of ≥ 1.55 is considered as a cut-off point for a ‘possibly 

depressive case’.
26

 As a measure for fatigue, the fatigue subscale (containing 3 items rated 

on a 4-point scale) of the EORTC QLQ-C30 was used.
25

  

 

Data analyses 

The Statistical Package for Social Sciences (SPSS) WINDOWS 15.0 was used for all analyses. 

In order to create cognitive domain scores out of separate test scores and to make results 

comparable, all raw (not age-adjusted) cognitive test scores were converted to 

standardized Z-scores based on the mean and standard deviation of the healthy control 

group. Eight cognitive domain scores were expressed as the mean Z-score of the tests that 

made up the particular cognitive domain (see table 3). Data from questionnaires were 

converted to scores according to standard scoring rules. Missing values (less than 1% of all 

scores on tests and questionnaires) were estimated with an expectation-maximization 

(EM) algorithm implemented in SPSS. 
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Differences in sociodemographic and medical characteristics between groups were 

analyzed by means of χ
2 

tests for contingency tables or univariate analysis of variance 

(ANOVA). Differences between groups on scales from questionnaires were determined by 

ANOVA’s.  

 

For the eight cognitive domains separately, hierarchical multiple regression was used to 

identify predictors for cognitive performance in the BC patient group. Age and IQ 

comprised the first step, as their associations with cognitive performance are undisputed, 

followed in the second step by all other variables (see table 1). Subsequently, variables 

that were identified as predictive for cognitive performance were entered in a final model 

for each cognitive domain. Because we evaluated the impact of 16 possible predictors, we 

used P=0.01 as criterion for entry instead of the conventional P=0.05.  

 

The comparison of cognitive functioning between patients and healthy controls was 

conducted by means of MANCOVA across the eight cognitive domains and subsequent 

univariate ANCOVA’s. Analogously to the analyses in the patient group only, age and IQ, 

were entered as covariates. Secondly, to investigate the contribution of the significant 

predictors for cognitive performance in the patient group, these predictors were used as 

covariates in addition to age and IQ in a second MANCOVA. Thirdly, other potentially 

relevant covariates as described in the methods section (i.e. except the patient-exclusive 

variables ‘time since surgery’ and ‘ongoing radiotherapy’) were added to evaluate their 

additional explanatory value in cognitive differences between BC patients and healthy 

controls. Effects-sizes were calculated with Cohen’s d and based on the partial eta-

squared after adjustment for covariates. For all analyses, a two-sided P-value less than 

0.05 was required for significance. 

 

Results 

Participant characteristics 

During the period of enrollment, 331 TEAM patients were eligible for the study. Eighty-five 

patients (26%) refused to participate because of lack of interest or too much burden, 

while 40 participants (12%) could not be included in the study, mainly due to logistic 

problems in the respective hospitals. Ultimately, 206 patients underwent the baseline 

neuropsychological testing (participation rate: 62%). One patient was excluded from 
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further analyses because of a score above the cut-off score of the dementia screenings 

test (7 minutes screen
21

). So, the final study sample consisted of 205 patients. In the 

comparison group 124 healthy controls were included (none were excluded based on 

performance on the 7 minutes screen). 

 

Table 1. Sociodemographic, medical, treatment-related and psychological characteristics  

 BC patients 

(n=205) 

Healthy 

controls 

(n=124) 

P-value 

Age; yrs; mean (SD) 

   range  

IQ estimate; mean (SD) 
a 

68.9 (7.4)  

  50-84 

99.8 (19.5) 

66.5 (8.0)  

  49-87 

105.5 (19.0) 

0.006 

 

0.009 

Treatment for: 

- high blood pressure; % (n)  

- diabetes mellitus; % (n) 

 

36.6 (75) 

10.7 (22) 

 

21.0 (26) 

4.8 (6) 

 

0.035 

0.069 

Use of  

- anti-depressive medication; % (n) 

 - benzodiazepines; % (n) 

 

4.4 (9) 

16.6 (34) 

 

3.2 (4) 

4.8 (6) 

 

0.77 

0.001 

Activities 
b 

- employment; % (n)  

- cognitively stimulating activities; mean (SD) 
c
 

- physical activities; mean (SD) 
d
 

 

13.7 (28) 

4.3 (1.3) 

7.3 (3.3) 

 

21.8 (27) 

4.4 (1.1) 

8.4 (2.9) 

 

0.067 

0.86 

0.002 

Anxiety/Depression (HSCL);mean (SD)
 e

 

- possible depressive case; % (n) 
f 

Fatigue score EORTC QLQ-C30;
 
mean (SD)

e 

12.6 (10.9) 

23.0 (47) 

33.1 (21.7) 

10.0 (9.1) 

13.8 (17) 

18.1 (15.6) 

0.026 

0.045 

<0.001 

Variables related to lifetime estrogen exposure 

- reproductive period (years); mean (SD) 

- HRT (ever use); % (n)   

 

34.3 (5.4) 

16.6 (34)  

 

33.0 (6.0) 

18.5 (23)  

 

0.048 

0.66 

Disease/treatment related variables 

- Days since main surgery; mean (SD) 

- Current radiotherapy; % (n) 

- Physical functioning EORTC QLQ-C30; mean (SD) 
g
 

 

42.1 (20.7) 

15.1 (31) 

80.6 (16.0) 

 

- 

- 

85.1 (16.7) 

 

- 

- 

0.016 
a
 based on the Dutch version of the National Adult Reading Test.

22
 

b
 for patients: before diagnosis of cancer. 

c
 range 2-8. higher score means more hours a day spent on these activities. 

d
 range 2-14. higher score means higher frequency of these activities. 

e
 range 0-100, higher score means more serious symptoms. 

f
 ‘possible depressive case’ defined as a mean HSCL item score of ≥ 1.55. 

g 
range 0-100, higher score means better functioning. 

 

Table 1 shows sociodemographic, medical and psychological characteristics of the study 

sample. There were significant differences between the patient- and the control group 

regarding age and estimated IQ (P=0.006 and P=0.009 respectively). Furthermore, 

relatively more patients than healthy controls received treatment for hypertension 
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(P=0.035) and reported to use benzodiazepines (P=0.001). The estimated ‘reproductive 

period’ was significantly longer in patients than in controls (P=0.048). In the year before 

the cognitive assessment (for patients: year before the diagnosis of BC), controls reported 

a higher frequency of physical activity (P=0.002). Self-reported physical functioning was 

higher in healthy controls than in patients (P= 0.032).  

 

Patients reported more serious complaints regarding anxiety/depression and fatigue 

(P=0.026 and P<0.001, respectively). Significantly more patients (23.0%) than healthy 

controls (13.8%) scored in the ‘possibly depressive case’ range (HSCL mean item score ≥ 

1.55, P=0.045).
26

 

 

Factors associated with cognitive functioning before adjuvant systemic therapy 

Results of the multiple regression analysis aiming to determine predictors for cognitive 

performance in the patient group are shown in table 2. For all, but one, cognitive domains, 

a lower age and a higher IQ were strong explanatory variables for better performance and 

explained 10% to 40% of the variance (R
2
adj .10 - .40; P<0.001). For working memory, age 

was not a predictor, but IQ alone explained 25% of the variance (R
2
adj .25, P<0.001).  

 

Independent from age and IQ, the following variables contributed significantly to one or 

more cognitive domains (table 2): ongoing treatment for hypertension had a negative 

impact on verbal fluency and working memory performance; ongoing treatment for 

diabetes mellitus was predictive for worse executive functioning and a slower reaction 

speed; there was a positive impact of time daily spent on cognitively stimulating activities 

and performance on tasks for verbal memory, information processing speed, executive 

functioning and verbal fluency; more days since surgery were predictive for better visual 

memory performance, and a higher number of ‘reproductive years’ was predictive for 

worse executive functioning. The associated variables additionally explained 1 to 6% of 

the variance (R
2
adj. of the final models: 0.16 - 0.41; P <0.001).  

 

Cognitive performance of patients compared to healthy controls 

MANCOVA across the eight cognitive domains, aiming to compare cognitive functioning of 

the BC patients with cognitive functioning of healthy controls, showed significantly worse 

cognitive performance in the BC group, compared to the healthy control group (after 



Chapter 4 

 

 

 62 

adjustment for age and IQ: F=3.8, P<0.001, Cohen’s d=0.62). Additional adjustment for the 

covariates associated with performance in the BC patient group, showed a reduction of 

the difference between BC patients and healthy controls (F=3.1, P=0.002, Cohen’s d=0.56). 

After additional adjustment for the remaining variables, MANCOVA showed a further 

reduction of the cognitive difference (F=2.2, P=0.03, Cohen’s d=0.48), but a statistically 

significant difference in overall cognitive performance between the patient group and the 

healthy control groups remained (see table 3). 

 

Univariate ANCOVA’s for the eight different cognitive domains showed, after adjustment 

for all covariates, a significant difference on one cognitive domain (i.e. verbal fluency). BC 

patients performed worse than healthy controls (F=8.7, P=0.003, Cohen’s d=0.33, table 3).  

 

Table 2. Multiple regression analysis in the BC patient group 

Dependent variables 

 

R
2 

adj. 
Model β P 

Verbal memory  

Age + IQ 

Age + IQ + Cognitively stimulating activities 

 

.201 

.224 

Age 

IQ 

Cognitively stimulating activities  

-.27 

.31 

.17 

<0.001 

<0.001 

0.01 

Visual memory  

Age + IQ 

Age + IQ + Days since surgery 

 

.299 

.311 

Age 

IQ 

Days since surgery 

-.33 

.38 

.13 

<0.001 

<0.001 

0.03 

Information processing speed  

Age + IQ 

Age + IQ + Cognitively stimulating activities 

 

.400 

.413 

Age 

IQ  

Cognitively stimulating activities 

-.43 

.41 

.13 

<0.001 

<0.001 

0.02 

Executive functioning  

Age + IQ 

Age + IQ + treatment for diabetes mellitus 

+ cognitively stimulating activities + 

number of reproductive years 

 

.358 

.398 

Age 

IQ 

Treatment for diabetes mellitus 

Number of ‘reproductive years’ 

Cognitively stimulating activities 

-.36 

.44 

-.14 

-.12 

.14 

<.001 

<.001 

0.01 

0.04 

0.02 

Manual motor speed 

Age + IQ 

 

.203 

Age 

IQ 

-.39 

.21 

<0.001 

0.001 

Verbal fluency  

Age + IQ 

Age + IQ + treatment for hypertension + 

cognitively stimulating activities 

 

.379 

.410 

Age 

IQ  

Treatment for hypertension 

Cognitively stimulating activities 

-.30 

.46 

-.13 

.14 

<0.001 

<0.001 

0.02 

0.01 

Reaction speed  

Age + IQ 

Age + IQ + treatment for diabetes mellitus 

 

.102 

.159 

Age 

IQ 

Treatment for diabetes mellitus 

-.18 

.25 

-.25 

0.006 

<0.001 

<0.001 

Working memory  

IQ 

IQ + treatment for hypertension 

 

.245 

.272 

IQ  

Treatment for hypertension 

.48 

-.18 

<0.001 

0.004 
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Table 3. Cognitive domain scores and raw test scores of BC patients and healthy controls 

Cognitive domain BC Patients 

(n=205) 

Healthy con-

trols (n=124) 

P 
k 

P 
l 

P 
m 

Cohen

’s d
 n

 

Verbal memory 

- RAVLT immediate
27

 
a 

- RAVLT delayed
27

 
a
 

- Visual association Test
28

 
b
 

-.11  (.89) 

21.2 (6.0) 

6.1 (3.0) 

20.5 (3.4) 

0 (.81) 

22.1 (5.7) 

6.3(3.0) 

20.8 (2.8) 

0.42 

0.67 

0.36 

0.58 

0.31 

0.61 

0.33 

0.38 

0.26 

0.32 

0.22 

0.66 

0.13 

Visual memory 

- WMS immediate
29

 
c
 

- WMS delayed
29

 
c
 

-.51 (1.2) 

28.9 (6.3) 

24.2 (8.7) 

.0 (.95) 

31.4 (5.4) 

28.0 (7.0) 

0.01 

0.04 

0.01 

0.02 

0.05 

0.02 

0.09 

0.14 

0.09 

0.19 

Information processing speed 

- Stroop Card 1
30

 
d 

- Stroop Card 2
30 d 

- Trailmaking A
31e 

-.37 (.87) 

50.0 (8.7) 

64.8 (11.2) 

48.6 (16.2) 

0 (.81) 

46.8 (7.6) 

61.2 (10.3) 

42.7 (15.9) 

0.04 

0.09 

0.20 

0.13 

0.11 

0.13 

0.31 

0.34 

0.24 

0.20 

0.54 

0.50 

0.13 

Executive functioning 

- Stroop Card 3
30

 
c 

- Trailmaking B
31

 
e 

-.48 (1.2) 

123.1 (42.3) 

120.0 (62.1) 

0 (.86) 

107.9(33.3) 

98.7 (43.8) 

0.05 

0.09 

0.11 

0.18 

0.27 

0.25 

0.52 

0.99 

0.29 

0.06 

Manual motor speed 

- tapping dominant hand
32

 
f 

- tapping non-dominant hand
32

 
f 

-.16 (.89) 

51.2 (8.8) 

46.1 (8.7) 

0 (.98) 

52.2 (10.1) 

48.0 (8.6) 

0.64 

0.24 

0.83 

0.74 

0.26 

0.70 

1.0 

0.51 

0.57 

0 

Verbal fluency 

- animals
33

 
g 

- professions
33

 
g 

- letters: DAT
34 h 

-.52 (.86) 

20.3 (6.0) 

16.3 (4.8) 

32.9 (12.2) 

0 (.83) 

23.1 (5.9) 

19.3 (5.3) 

39.0 (11.9) 

<.001 

0.01 

<.001 

0.002 

0.001 

0.03 

<.001 

0.01 

0.003 

0.06 

0.001 

0.06 

0.33 

Reaction speed 

- dominant hand
32

 
i 

- non-dominant hand
32

 
i 

-.37 (1.7) 

330 (113) 

332 (96) 

0 (.94) 

309 (58) 

309 (57) 

0.27 

0.50 

0.15 

0.59 

0.94 

0.33 

0.45 

0.65 

0.33 

0.09 

Working memory 

- Letter number sequencing
35

 
j
 

-.41 (.97) 

8.4 (2.6) 

0 (1.0) 

9.5 (2.7) 

0.03 

0.03 

0.07 

0.07 

0.22 

0.22 

0.14 

Overall analysis    <.001 0.002 0.03 0.48 

Mean values shown, with standard deviation in parentheses. 
a
 Rey auditory verbal learning test (Dutch shortened version), total number of words after 3 trials 

and total number of words in delayed recall. 
b 

Visual Association Test, number of correct responses. 
c
 Wechsler Memory Scale revised – visual memory subtest, points awarded according to scoring 

criteria. 
d
 Stroop Color Word Test, seconds to complete task (lower scores represent better performance). 

e
 Trailmaking Test, seconds to complete task (lower scores represent better performance). 

f
 Fepsy Finger tapping, mean of 5 trials of 10 seconds. 

g
 Category Fluency (animals/ professions), total of words produced in one minute. 

h
 Letter fluency (D,A,T), number of words produced in 3 minutes (1 minute for each letter). 

i 
Fepsy Reaction times, milliseconds (lower scores represent better performance). 

j
 WAIS III Letter-number sequencing, number of correct responses. 

k 
P-value corrected for age/IQ. 

l 
P-value corrected for age/IQ, treatment for diabetes mellitus/high blood pressure, frequency of 

participating in cognitive stimulating activities, number of ‘reproductive years’.  
m 

P-value corrected for all covariates (see table 1).  
 n

 Cohen’s d after adjustment for all covariates: <0.20: small effect, 0.20-0.80: medium effect, >.80: 

large effect, range 0-2. 
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Discussion 

Recent studies evaluating the cognitive effects of adjuvant systemic therapies in BC 

patients predominantly have a prospective design, including neuropsychological 

assessments before the start of adjuvant systemic treatment. Although the majority of 

these studies showed that a subset of BC patients performed below expected levels 

already before the start of adjuvant therapy, little is known about possible explanations of 

this pre-treatment cognitive impairment. In order to increase the understanding of the 

cognitive impairment prior to the start of systemic treatment, the first study aim was to 

identify predictors for cognitive performance in a group of postmenopausal BC patients. 

We observed that ‘ongoing treatment for diabetes mellitus’, ‘ongoing treatment for 

hypertension’, ‘less hours spent daily on cognitively stimulating activities’, ‘less days since 

surgery’ and ‘more reproductive years’ were predictive for worse performance on one or 

multiple cognitive domains, independent of the strong predictors age and IQ. The 

(combinations of) identified predictors explained a modest 1 to 6% of the variance in 

cognitive performance in addition to age and IQ. 

 

Our findings of associations between these variables and cognitive performance generally 

are consistent with literature data. Diabetes mellitus and/or hypertension are known to 

be associated with lower cognitive functioning
17,18

, but the role of treatments for these 

conditions in preventing cognitive disorders is still a matter of debate.
36-38

 Our observation 

that patients spending more time on cognitively stimulating activities had a better 

cognitive performance is supported by data of Wilson et al. who used a similar self-report 

measure for the frequency assessment of cognitively stimulating activities.
16

 The positive 

relationship between ‘days since surgery’ and cognitive performance that we observed 

has not been reported earlier in BC patients, but indicates that effects of earlier 

treatments might play a role in cognitive performance before the start of adjuvant 

systemic treatment. In fact, the topic of postoperative cognitive dysfunction (POCD) has 

not been studied thoroughly in BC patients, but from studies in other patient groups it is 

known that POCD is present in the first weeks after surgery in a significant proportion of 

patients.
14

 In one study in BC patients, time since surgery did not predict for cognitive 

impairment, but more patients who had undergone a lumpectomy or mastectomy had 

impaired cognitive functioning compared to patients who underwent biopsy only.
7
 In 

another study, the duration of anesthesia, and the type of surgery (lumpectomy versus 

mastectomy) were not associated with cognitive performance.
5
 The observation in our 
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study that ’days since surgery’ was specifically associated with visual memory 

performance was not expected. Further research should determine whether this is a 

coincident finding.  

 

We observed an inverse relationship between ‘reproductive period’ and executive 

functioning in the BC patient group. Although the influence of estrogen on cognitive 

function has been established in a major area of fundamental and clinical research
39

, 

studies evaluating the impact of lifetime estrogen exposure on cognitive functioning yield 

incongruent results reporting beneficial effects
40

, no effects
41

, as well as detrimental 

effects.
42

 Notwithstanding the variability in study results up till now on this issue, lifetime 

estrogen exposure might be an important factor in cognitive studies in BC patients, given 

the described differences in hormonal history between BC patients and healthy controls. 

 

Our second aim was to compare cognitive functioning in BC patients with cognitive 

functioning of healthy controls. We observed lower overall cognitive performance in the 

BC patient group than in the healthy control group. Considering the eight cognitive 

domains separately, the only significantly lower performance in BC patients versus 

controls was found in the verbal fluency domain. The medical and psychological variables 

that were associated with cognitive performance in the BC patient group could partly 

explain this overall difference in cognitive functioning. Beside these relevant predictors, a 

number of additional variables contributed to the overall cognitive difference between BC 

patients and healthy controls. This may be caused by differences in strength of 

relationships between these variables and cognitive performance in the patient and 

healthy control group, or by different distributions of these variables in the patient group 

compared to the healthy control group. Nevertheless, after adjustment for the potential 

explanatory factors, a significantly lower cognitive performance was observed in BC 

patients versus healthy controls.  

 

The current results raise several issues for future research regarding cognitive effects of 

cancer treatments. Our findings show that several medical and psychological factors have 

an impact on cognitive functioning. The predictive value of the variables might be 

dependent on the particular nature of the study, such as the time since diagnosis, earlier 

treatments, or the age of the participants. For example, the impact of comorbidities such 

as diabetes mellitus might be more prominent in older patients compared to younger 
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patients.
43

 Moreover, medical and psychological factors which are associated with 

cognitive performance might not be equally distributed between study groups. 

Particularly in non-randomized studies, differences in potentially important factors are 

easily introduced, for example due to selection bias, and might hinder proper 

interpretation of cognitive outcomes. In the instance that only published norms are used, 

such relevant information about medical and psychological variables is generally lacking. 

Notwithstanding the potential importance of medical and psychological variables for 

cognitive functioning, they only partly explained the observed difference in cognitive 

functioning between BC patients and healthy controls. This justifies further studies into 

additional potentially explanatory factors.  

 

Importantly, apart from understanding the phenomenon of cognitive impairment 

preceding adjuvant systemic therapy, this study implicates that baseline cognitive 

differences between groups have to be taken into account in studies evaluating the 

cognitive effects of cancer treatments. In cross-sectional studies, with only a post-

treatment assessment, adjustment for pre-treatment cognitive differences is impossible, 

but our results suggest that adjustment for medical and psychological variables might be 

valuable, particularly in non-randomized studies.  

 

The strengths of our study on cognitive functioning before the start of adjuvant systemic 

therapy are on the one hand the large number of BC patients and healthy controls 

compared to other studies in this research field, and on the other hand the wide range of 

neuropsychological tests used. Also, we were able to examine the contribution of many 

possible covariates with respect to cognitive functioning, and to adjust for these variables 

in the analyses.  

 

A limitation of this study is that the information regarding specific co-morbidities, the use 

of co-medication and (ever) use of HRT was self-reported and had a dichotomic character. 

Detailed information about specific agents used, dosages, time on treatment and the 

extent to which the underlying disease (for example hypertension or depression) was 

adequately treated was not included, possibly being of influence on the effects we found 

on cognitive functioning. In future studies, the inclusion of more detailed information on 

important variables might increase our understanding of the impact of these variables on 

cognitive functioning. Another limitation is the selection method of the control group. The 
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healthy controls were invited by the participating patients out of their circle of friends and 

family. This type of control group was chosen for minimizing sociodemographic 

differences between patients and healthy controls. Nevertheless, we had the impression 

that patients, in general, tended to invite a relatively young and healthy friend or relative, 

inducing some degree of selection bias. As a result, the healthy control group was not 

completely comparable with the patient group with respect to age, IQ, occurrence of co-

morbidities and health-related variables such as frequency of physical activity. As some of 

these factors might be related to BC risk as well as to cognitive functioning, this might 

have had impact on the observed results.  

 

In conclusion, in our postmenopausal BC patient group, several medical, psychological and 

treatment-related variables were associated with cognitive performance before the start 

of adjuvant systemic therapy. Overall cognitive functioning in our BC patient group was 

lower compared to cognitive functioning of our healthy control group. Combinations of 

medical and psychological factors partly explained this lower cognitive functioning. Our 

data underline the importance of (1) future research into the etiology of this lower 

cognitive performance in BC patients before the start of adjuvant systemic treatment, and 

(2) adjustment for pre-treatment cognitive differences between study groups when 

evaluating effects of cancer treatments on cognitive functioning.  
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