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ABSTRACT​
Purpose  To assess cognitive functioning in occupationally active non-central nervous system cancer survivors with cogni-
tive complaints using neuropsychological tests, and to investigate the association between (1) formally assessed cognitive 
functioning and self-reported work-related outcomes and (2) self-reported cognitive functioning at work and self-reported 
work-related outcomes.
Methods  Baseline data of a multicenter, randomized controlled trial (n = 279) were used. Associations between neuropsy-
chological test performance (Amsterdam Cognition Scan) and self-reported cognitive functioning (Cognitive Symptom 
Checklist-work) with work ability (Work Ability Index) and work functioning (Work Role Functioning Questionnaire) were 
examined using multivariate linear regression.
Results  Thirty percent of cancer survivors had lower than expected performance on neuropsychological tests. Higher overall 
neuropsychological test performance was associated with better work ability (Cohen’s f2 = 0.014) and physical function-
ing at work (Cohen’s f2 = 0.13). Furthermore, higher motor performance was associated with better work ability (Cohen’s 
f2 = 0.018). In addition, self-reported work-related cognitive complaints were associated with self-reported work-related 
outcomes (Cohen’s f2 = 0.13–0.35).
Conclusions  The percentage of cancer survivors with lower than expected performance on neuropsychological tests exceeded 
the percentage expected in a normal population. This neuropsychological test performance was weakly associated with 
various aspects of work ability and work functioning. Stronger associations were found between self-reported cognitive 
functioning at work with self-reported work-related outcomes.
Implications for cancer survivors.
A cognitive rehabilitation approach that specifically aims at reducing cognitive symptoms at work could be a valuable part 
of interventions that aim to improve work-related outcomes.
Trial registration
The study is registered at ClinicalTrials.gov (NCT03900806) at 03 April 2019 (current status: ongoing), https://​clini​caltr​
ials.​gov/​ct2/​show/​NCT03​900806?​term=​NCT03​90080​6&​draw=​2&​rank=1

Keywords  Cancer-related cognitive impairment · Neuropsychological test performance · Employment · Work ability · 
Work functioning

Background

Cognitive impairment is a potential long-term effect of 
non-central nervous system (CNS) cancer and its treatment 
[1, 2]. Non-CNS cancer patients may experience cognitive 
impairment in various domains, such as memory, attention, 
and executive functioning [2–4]. Up to 35% of non-CNS 
cancer survivors have impaired neuropsychological test 
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performance in the months or years following completion 
of cancer treatment [3, 5]. The impairment is generally mild; 
however, it can have significant impact on daily life function-
ing [2, 6–8].

Worldwide, approximately seven million new cancer 
cases each year are of working age [9–11]. Among them, 
the vast majority (i.e., 89%) is able to return to work within 
2 years after diagnosis [12]. Being able to work is of great 
significance for cancer survivors as it promotes quality of 
life, a sense of normalcy, and financial security [13–16]. 
Nevertheless, occupationally active cancer survivors indi-
cate that self-reported cognitive complaints affect their 
work functioning and work ability, as such jeopardizing 
employability of non-CNS cancer survivors [5, 12, 17–19]. 
Self-reported cognitive complaints are clinically important. 
However, formal assessment of cognitive functioning (i.e., 
neuropsychological testing) enables to objectify cognitive 
functioning and, if related to vocational outcomes, may pro-
vide a starting point for vocational cancer rehabilitation [20].

To date, few studies have investigated the association 
between neuropsychological test performance and work-
related outcomes in cancer survivors. One cross-sectional 
study found no significant association between neuropsy-
chological test performance and self-reported work abil-
ity, although self-reported work ability was less favorable 
in cancer survivors with impaired neuropsychological 
test performance compared to cancer survivors without 
impaired neuropsychological test performance [21]. How-
ever, these findings are limited by a relatively small sample 
size (n = 45). Moreover, thirty-six percent of participants in 
the sample was not occupationally active. In occupation-
ally active breast cancer survivors (n = 122), Calvio et al. 
(2010) found no significant associations between neuropsy-
chological test performance and self-reported work-related 
outcomes [22]. Notably, participants in this study were not 
selected based on the presence of self-reported cognitive 
complaints. Thus, little is known about the associations 
between neuropsychological test performance and work-
related outcomes in occupationally active cancer survivors 
who self-report cognitive complaints. Better understanding 
of these associations is warranted to help (occupational) 
health care professionals devising an effective plan of voca-
tional rehabilitation for occupationally active cancer survi-
vors who self-report cognitive complaints.

The aims of this study among occupationally active non-
CNS cancer survivors who self-report cognitive complaints 
were to (1) formally assess cognitive functioning (i.e., with 
neuropsychological testing), (2) investigate the associa-
tions between formally assessed cognitive functioning and 
self-reported work-related outcomes, and (3) investigate the 
associations between self-reported work-related cognitive 
functioning and self-reported work-related outcomes. We 
expected to find an association between formally assessed 

cognitive functioning and self-reported work-related out-
comes. Also, we hypothesized that self-reported cognitive 
functioning is associated with self-reported work-related 
outcomes.

Methods

Design

For the current cross-sectional study, baseline data were 
used from a multicenter, three-armed randomized controlled 
trial (RCT) evaluating the effectiveness of an online cogni-
tive rehabilitation program for non-CNS cancer survivors 
with cognitive complaints at work. A detailed description 
of the design of the trial has been published eslewhere [23]. 
The study has been approved by the Medical Ethic Com-
mittee at the Netherlands Cancer Institute and is registered 
at ClinicalTrials.gov (registration number NCT03900806).

Study sample

Inclusion criteria for cancer survivors to participate in the 
RCT were age 18 to 65 years; a diagnosis of histologically 
confirmed non-CNS cancer; treated with systemic cancer 
therapy (i.e., chemotherapy, targeted agents, immunother-
apy, and/or endocrine therapy), which should have been 
completed a minimum of six months before study entry 
(patients who are still receiving endocrine therapy could 
be included); self-reported cancer and/or cancer treatment-
related cognitive complaints at work; occupationally active 
for a minimum of 8 working hours per week; and a fixed or 
temporary employment contract at time of study entry.

Exclusion criteria were a lack of basic proficiency in 
Dutch; serious overt psychiatric or neurological disorder; 
and/or no internet access. In addition, patients were excluded 
if they participated in comparable studies or programs 
focused on the reduction of cognitive complaints and/or on 
the support of patients to retain work.

Study procedures

Patients were recruited in the Netherlands, from eight com-
munity and university hospitals, and an occupational health 
service. Cancer survivors who met eligibility criteria for 
the RCT were sent an invitation letter and a response card. 
Interested cancer survivors were screened by telephone for 
further eligibility by a member of the study team. Those who 
met the criteria were sent an informed consent form. Once 
the signed informed consent form was received by the study 
team, participants were sent a link to the online baseline 
questionnaire and neuropsychological test battery per e-mail.
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Study measures

Sociodemographic and clinical characteristics

Sociodemographic characteristics, including age, sex, and 
education, were obtained via questionnaires. Clinical infor-
mation, including cancer site, metastasis, month/year of 
diagnosis, and received treatment(s) (i.e., surgery, radia-
tion, chemotherapy, immunotherapy, targeted treatment, 
hormonal therapy, other medication) was primary obtained 
via questionnaire, and if applicable supplemented with 
information of the Netherlands Cancer Registry (NCR). Fur-
thermore, information on employment sector, years of work 
experience, working hours, and number of working days per 
week according to employment contract was acquired via 
questionnaire.

Neuropsychological test performance

Neuropsychological test performance was assessed using a 
self-administered online neuropsychological test battery, the 
Amsterdam Cognition Scan (ACS)[24]. In total, the ACS 

consists of ten neuropsychological tests that cover five cog-
nitive domains: (1) learning and memory, (2) attention and 
working memory, (3) processing speed, (4) executive func-
tioning, and (5) motor performance. Administration of the 
ASC takes approximately 75 min, in which two fixed breaks 
are included. Participants completed the ACS in an unmoni-
tored setting and were instructed to complete the ACS in a 
quiet environment. In case of technical problems, partici-
pants could request for help by the study team via a contact 
button. Concurrent validity with traditional tests is medium 
to large [24, 25]. An overview of the test is found in Table 1. 
Normative data of a healthy population was used to convert 
scores on neuropsychological tests into a standard score (z 
scores; mean = 0, standard deviation = 1) [25].

Work‑related outcomes

Work ability was assessed using the first item of the Work 
Ability Index (WAI), asking participants to estimate their 
current work ability compared to their lifetime best (0, can-
not work at all, to 10, best ever). This first overall single 
item correlates high with the total work ability score [26, 

Table 1   Cognitive test battery (ACS) organized by cognitive domains

Neuropsychological tests (by 
cognitive domain)

Description Variable(s)

Learning and memory
Wordlist immediate recall Participants are asked to remember a list of 15 unrelated words 

in 5 trials
Total number of correct words (trial 1 to 5)

Wordlist delayed recall Participants recall the list words after a 25-min delay Total number of correct words
Attention and working memory
Digit sequences I Participants recite strings of random digits of increasing length, 

forward
Total number of correctly repeated sequences

Digit sequences II Participants recite strings of random digits of increasing length, 
backward

Total number of correctly repeated sequences

Box tapping Participants are asked to remember the order in which a number 
of blocks blink on a screen

Total number of correctly repeated sequences

Processing speed
Connect the dots I Participants are instructed to click numbered circles in increas-

ing order, as quickly as possible and without making mistakes
Completion time

Reaction time Participants are instructed to release the mouse button as fast as 
possible, after a white block appears on the screen

Mean reaction time

Executive functioning
Connect the dots II Participants are instructed to alternate clicking numbered and 

lettered circles in increasing numerical/alphabetical order as 
fast as possible and without making mistakes

Completion time

Place the beads Participants have to rebuilt a construction consisting of three 
sticks on which three distinctive beads are placed. The aim is 
to use as few moves as possible to rebuilt the construction

Total number of extra moves

Motor performance
Fill the grid Participants are instructed to fill a grid (containing 25 squares) 

with blocks as quickly as possible. As soon as a block appears 
underneath the grid, it has to be dragged to the square in 
which a plus sign is shown

Completion time
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27]. Scores are commonly classified as “poor” (0–5 points), 
“moderate” (6–7 points), “good” (8–9 points), and “excel-
lent” (10 points) [27, 28].

Work functioning was measured using the 27-item Work 
Role Functioning Questionnaire (WRFQ2.0). The WRFQ 
2.0 contains four subscales: work scheduling and output 
demands (WSOD), physical demands (PD), mental and 
social demands (MSD), and flexibility demands (FD). The 
response options range on a five-point scale from 0 = dif-
ficult all the time (100%) to 4 = difficult none of the time 
(0%). Total and subscale scores were calculated accord-
ing to standard scoring rules [29]. Higher scores indicate 
better work functioning [29]. Dorland et al. suggested that 
WRFQ scores can be classified as “high” (> 90), “moderate” 
(75–89), and “low” (< 75) [30].

Self‑reported cognitive functioning

Self-reported cognitive functioning at work was assessed 
using the Cognitive Symptom Checklist-Work, Dutch ver-
sion (CSC-W DV). This 19-item questionnaire for measur-
ing work-related cognitive complaints in cancer patients con-
tains an ordinal five-point scale, ranging from 0 (never) to 4 
(always). An additional response option “does not apply to 
my job” is used in case a particular symptom is not relevant 
to the participants’ job. Standard scoring rules were applied 
to calculate the total score [31].

Statistical analysis

Descriptive analyses were conducted regarding sociode-
mographic, cancer‐related, and work-related characteris-
tics. Scores on neuropsychological tests were converted 
into a standard score (z scores; mean = 0, standard devia-
tion = 1) by use of the mean test score of the normative data 
of a healthy population that adjust for age [25]. An overall 
z-score was calculated for each individual, using the mean 
z-scores of all tests. In the same manner, a mean z-score 
was calculated for each cognitive domain. Negative z-scores 
indicate worse performance than the norm. In line with rec-
ommendations of the International Cancer and Cognition 
Task Force, low neuropsychological test performance was 
determined as a z-score of ≤  − 1.5 for the results of more 
than one test, or a z-score of ≤  − 2 for the result of one sin-
gle test [32]. In the normative healthy population, z-scores 
that are ≤  − 1.5 on more than one test or ≤  − 2 on one out of 
10 test correspond to the 24th percentile of the population, 
indicating that a frequency of 24% of individuals with lower 
neuropsychological test performance is expected. Binomial 
testing was used to determine whether the observed fre-
quency of low neuropsychological test performance differed 
from the frequency of 24% that was expected based on the 
normative healthy population.

Missing values were handled according to the published 
scoring manuals. Outliers on neuropsychological test scores 
were identified and removed. First, implausible values and 
scores indicating computer/internet issues or poor under-
standing of test instructions were removed. Second, word-
list delayed recall scores were removed if the time between 
the end of wordlist learning and the beginning of wordlist 
delayed recall was more than 45 min. Finally, for reaction 
time-based outcomes (connect the dots I and II, reaction 
speed, fill the grid and place the beads), the (3.5 ×) median 
absolute deviation (MAD) method was applied [33]. To con-
trol for age related bias, MADs were calculated for each age 
category separately (< 41 years, 41–59 years, > 59 years) 
[25].

To address the first aim, i.e., to formally assess cogni-
tive functioning in occupationally active cancer survivors, 
we described mean ACS z-scores. To address the second 
aim, i.e., to investigate the association between formally 
assessed cognitive functioning (i.e., neuropsychologi-
cal test performance) and self-reported work-related out-
comes in occupationally active cancer survivors, associa-
tions between z-scores on cognitive domains (independent 
variables) and the WAI and WRFQ total score and WRFQ 
subscales (dependent variables) were analyzed using mul-
tivariate linear regression. To address the third aim, i.e., to 
investigate the association between self-reported cognitive 
functioning (independent variable) and the WAI and WRFQ 
total score and WRFQ subscales (dependent variables), we 
used multivariate linear regression. All regression models 
were adjusted for age and sex. In addition, since items of 
the WRFQ physical demands subscale did not apply all 
jobs, the WRFQ physical demands subscale score was miss-
ing in about half of the participants (n = 136). Participants 
with a missing score on the physical demands subscale had 
higher education levels compared to participants that were 
not missing. Therefore, regression models for the WRFQ 
physical demands subscale were adjusted for education level, 
next to age and sex. Associations were considered statisti-
cally significant at a p-value smaller than 0.05. Effect sizes 
(ES) were calculated using Cohen’s f2 statistic [34], with an 
effect size f2 ≥ 0.02 considered as small, ≥ 0.15 as moder-
ate, and ≥ 0.35 as large. Statistical analyses were performed 
using Statistical Package for the Social Sciences (SPSS), 
version 26 (SPSS Inc., IBM Corp., Armonk, NY, USA).

Results

Study sample characteristics

Patient recruitment took place between November 2019 
and September 2021. Invitations were sent to 3,246 cancer 
survivors who met the medical eligibility criteria. Among 
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them, 1,691 cancer survivors (52%) indicated that they 
were not eligible for participation (primarily because of 
the absence of cognitive complaints or occupational inac-
tivity), and 882 cancer survivors (27%) did not respond. 
Furthermore, sixty-four cancer survivors expressed inter-
est on their own initiative (i.e., without receiving an invita-
tion letter of their treating physician but via social media). 
Together, this resulted in 737 potentially interested cancer 
survivors (see Fig. 1). Among them, 721 cancer survivors 
were screened by telephone to establish eligibility, and 
sixteen survivors were not reached. Based on the telephone 
screening, 382 (53%) cancer survivors did not meet the 
eligibility criteria primarily because of the absence of 

cognitive complaints. Among the 339 eligible survivors, 
317 cancer survivors signed the informed consent form 
and received the online baseline questionnaire and neu-
ropsychological tests. Of those, 279 cancer survivors com-
pleted the questionnaires and tests.

In Table 2, information on sociodemographic and clinical 
characteristics of the sample is presented. The included 279 
cancer survivors (17% men) had a mean age of 49.1 years 
(SD 8.4; range 27–65 years) (Table 3). Breast cancer was 
the most prevalent cancer type among female cancer survi-
vors (n = 195; 84%). Testis carcinoma was the most preva-
lent cancer type among male cancer survivors (n = 7; 15%). 
The mean time since diagnosis was 2.8 years (SD 2.3; range 

Cancer survivors received information letter

N = 3246

Expressed interest in participation 

N = 737 (22%)

Screening by member of research staff

N = 721 (22%)

Signed informed consent and received measurement

N = 317 (10%)

Completed measurement 

N = 279 (8%)

No contact (N = 16)

Did not meet inclusion criteria (N=382)
Not diagnosed with non-CNS cancer (N=3)
Not 6-36 months after therapy (N=33)
Has not completed primary therapy (N=25)
No/mild cognitive problems (N=173)
No fixed / temporary work contract     (N=29)
No (or less than 8h) work (N=58)
Psychiatric/neurological disorder (N=4)
No basic proficiency in Dutch (N=3)
No internet/computer (N=4)
Participates in comparable program (N=42)
Unknown (N=8)

No response informed consent          (N=20)
Unknown (N=2)

Not eligible for participation (N=1691)
No/mild cognitive problems (N=977)

No (or less than 8h) work (N=499)

No internet (N=4)

No time to participate (N=82)

Other (N=98)

Unknown (N=31)

No response (N=882)

Did not complete measurement (N=38)
Withdraw (N=6)

No contact (N=16)

No/ mild cognitive problems (N=8)

No fixed / temporary work contract     (N=1)

No (or less than 8h) work (N=3)

Cancer recurrence (N=1)

Participates in comparable program (N=3)

Cancer survivors reached out to the study 

team on own initiative 

N=64

Fig. 1   Flow diagram
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0.3–21.8 months). Cancer survivors worked on average 
29.5 h per week (8.4 S.D, range 8–40).

Neuropsychological test performance in cancer 
survivors with self‑reported cognitive complaints

Thirty percent (n = 83) of the participants met the criteria 
for low test performance. This is a significantly higher fre-
quency compared with normative expectations (binomial 
p = 0.02). A description of the mean cognitive function-
ing scores is provided in the Supplementary Information 
Table 1. In Fig. 2, the mean neuropsychological test scores 
for the total sample and for the subgroups with or without 
low test performance are shown. Z-scores around the mean 
of 0 (range − 0.29–0.28) can be observed on all neuropsy-
chological tests for the total group. Occupationally active 
cancer survivors who met the criteria for low test perfor-
mance scored lower than expected (i.e., a z-score below 0) 
on all neuropsychological tests, but their scores were not in 
the abnormal range (i.e., a z-score below − 2).

Associations between neuropsychological test 
performance and work ability

In Table 4, the correlations between the dependent and 
independent variables are reported. Results of the multivari-
ate analysis, in which the association between the overall 
neuropsychological score and the domain scores and work 
ability was tested, are presented in Table 5. A significant 
positive association was observed between the overall neu-
ropsychological score and work ability (β = 0.29, p = 0.048, 
Cohen’s f2 = 0.014). In addition, a significantly positive 
association was found between motor performance and work 
ability, indicating that higher motor performance was associ-
ated with higher work ability (β = 0.21, p = 0.037, Cohen’s 
f2 = 0.018). No significant associations with work ability 
were found for other cognitive domains.

Table 2   Sociodemographic and clinical characteristics

Total

N = 279
Sociodemographic characteristics
Age (years): mean (SD)/range 49.1 (8.4)/27–65
Gender, N (%)
Male 46 (17)
Female 233 (84)
Marital status, N (%)
Unmarried 42 (15)
Married 151 (54)
Living with partner 62 (22)
Divorced 20 (7)
Widowed 4 (1)
Education, N (%)
None/ primary/lower vocational 5 (2)
Secondary school/vocational education 88 (32)
Upper secondary school/ upper vocational 

education/university
186 (67)

Clinical and treatment-related character-
istics

Cancer type, N (%)
Mamma 195 (70)
Digestive-colon 9 (3)
Digestive-other 6 (2)
Head and Neck 5 (2)
Hodgkin lymphoma 6 (2)
Non-Hodgkin lymphoma 8 (3)
Hematologic 6 (2)
Respiratory 6 (2)
Ovary 3 (1)
Prostate 6 (2)
Testis 7 (3)
Cervix 8 (3)
Dermatologic 4 (1)
Other 10 (4)
Metastasis, N (%)
Lymph node 119 (43)
Distance 16 (6)
None 149 (53)
Time since diagnosis (years): mean (SD)/

range
2.6 (1.2)/1.0–11.1

Treatment, N (%)
Surgery 240 (86)
Chemotherapy 244 (88)
Targeted/immunotherapy 72 (26)
Hormonal therapy 128 (46)
Radiotherapy 195 (70)
Work-related characteristics
Sector, N (%)
Business and financial 30 (11)
Education 34 (12)

Table 2   (continued)

Total

Industry 11 (4)
Health care 88 (32)
Trade 13 (5)
Public services 29 (10)
Culture, recreation 18 (7)
Other 56 (20)
Working hours per week: mean (SD)/range 29.6 (8.1)/8–40
Shift work, N (%)
Yes 58 (21)
No 221 (79)
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Table 3   Means and standard 
deviations on patient-reported 
outcomes

Abbreviations: WAI, Work Ability Index; WRFQ, Work Role Functioning Questionnaire; CSC-work, Cog-
nitive Symptom Checklist-work; SD, standard deviation

Patient-reported outcomes n Mean (SD)/range

Work ability (WAI) 279 6.2 (1.4)/2–9
Work performance (WRFQ) 273 69.9 (14.3)/23.2–98.2
Work scheduling and output demands 275 66.5 (17.7)/12.5–97.5
Physical demands 143 85.2 (16.4)/30.0–100.0
Flexibility demands 273 71.1 (17.6)/10.0–100.0
Mental and social demands 277 65.7 (16.8)/7.1–100.0
Self-reported cognitive functioning (CSC-W DV) 270 43.5 (12.6)/9.2–75.0

Fig. 2   Cognitive functioning scores at baseline for the total group and subgroups with or without low neuropsychological test performance
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Associations between neuropsychological test 
performance and work functioning

No significant association was observed between overall 
neuropsychological functioning and overall work function-
ing (Table 5). A statistically significant positive association 
was found between overall neuropsychological functioning 
and the WRFQ ‘physical demands’ subscale (β = 10.03, 
p < 0.001, Cohen’s f2 = 0.13), indicating that higher overall 
neuropsychological functioning was associated with better 
physical functioning at work. No significant associations 
were observed between cognitive domain scores and work 
functioning.

Associations between self‑reported work‑related 
cognitive functioning and work‑related outcomes

In Table 6, the results are presented of multivariate analysis 
into the association between self-reported work-related cog-
nitive functioning and work ability and work performance. 
We found statistically significant negative associations 
between self-reported cognitive functioning and work ability 
(β =  − 0.037, p < 0.001, Cohen’s f2 = 0.13), work functioning 
(β =  − 0.58, p < 0.001, Cohen’s f2 = 0.35), and all work func-
tioning subscales, indicating that more self-reported cogni-
tive complaints were associated with worse work ability and 
worse work functioning.

Table 4   Correlation matrix. This table reports the correlations between the multivariate regression variables

Abbreviations: CSC-work, Cognitive Symptom Checklist-work; ACS, Amsterdam Cognition Scan; WRFQ, Work Role Functioning Question-
naire; FD, flexibility demands; MSD, mental and social demands; PD, physical demands; WSOD, work scheduling and output demands; WAI, 
Work Ability Index; * ≤ 0.05, ** ≤ 0.01

1 2 3 4 5 6 7 8 9 10 11 12 13

1. CSC-work 1 - - - - - - - - - - - -
2. Memory  − .004 1 - - - - - - - - - - -
3. Attention  − .089 .008 1 - - - - - - - - - -
4. Processing speed  − .078 .067 .23** 1 - - - - - - - - -
5. Executive functioning  − .11  − .013 .22** .30** 1 - - - - - - - -
6. Motor performance .091  − 0.10 .069 .53** .005 1 - - - - - - -
7. Overall ACS  − .089 .45** .68** .65** .53** .37** 1 - - - - - -
8. WRFQ FD  − .54**  − .067 .019  − .038 .059  − .13  − .051 1 - - - - -
9. WRFQ MSD  − .53** .00  − .002 .087 .046  − .041 .017 .70** 1 - - - -
10. WRFQ PD  − .35** .061 .044 .14 .12 .033 .11 .30** .34** 1 - - -
11. WRFQ WSOD  − .44**  − .044  − .17*  − .024 .052  − .061  − .12 .65** .74** 0.20 1 - -
12. WRFQ  − .56**  − .033  − .079 .014 .074  − .079  − .059 .82** .90** .43** .92** 1 -
13. WAI  − .30** .013  − .025 .087 .018 .056 .034 .42** .51** .42** .56** .58** 1

Table 5   Associations between neuropsychological test performance with work functioning (WRFQ) and work ability (WAI)

Abbreviations: B, unstandardized beta; CI, confidence interval; WAI, Work Ability Index; WRFQ, Work Role Functioning Questionnaire; 
* ≤ 0.05, ** ≤ 0.001
The WRFQ scales range in scores from 0 to 100. The WAI ranges in scores from 0 to 10. Higher scores imply better functioning or ability

WAI WRFQ WRFQ work sched-
uling and output 
demands

WRFQ 
physical 
demands

WRFQ 
flexibility 
demands

WRFQ mental 
and social 
demands

B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Overall neuropsychological functioning 0.29* 0.26  − 2.23 10.03** 1.91  − 0.29
Learning and memory .025  − .22  − 1.09 3.19  − .77  − .45
Attention and working memory .084  − 1.71  − 3.39  − 1.07 .68  − 1.31
Processing speed .092 .58 1.65 .86 .22 .24
Executive functioning  − .062 1.73 1.63 3.29 2.55 .63
Motor performance .21*  − .86  − 1.86 1.93  − 1.05  − .35
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Discussion

Main findings

Thirty percent of cancer survivors with self-reported cogni-
tive complaints at work showed low performance on neu-
ropsychological tests according to our predefined criteria; 
this percentage exceeded the percentage expected in a nor-
mal population. Participants had low performance across 
various cognitive domains, including memory, attention and 
working memory, and processing speed. Consistent with our 
hypothesis, results pointed to a positive association between 
overall neuropsychological test performance and motor per-
formance with work ability. Furthermore, overall neuropsy-
chological test performance was found to be associated with 
physical functioning at work. Generally, effect sizes for the 
associations between neuropsychological test performance 
and work-related outcomes were small. In addition, self-
reported cognitive functioning was associated with work 
ability and work functioning, with effect sizes that varied 
from small to large. Together, these results indicate that 
work ability and work functioning are associated with self-
reported cognitive functioning, whereas the association with 
neuropsychological test performance was less pronounced.

Interpretation of findings

The percentage of individuals with low neuropsychologi-
cal test performance is slightly higher than the percentage 
expected in the normal population. These results are con-
sistent with previous research, which showed that among 
cancer survivors, a subgroup scores within the lower range 
on neuropsychological test performance [2, 5, 20]. In line 
with previous studies, the observed low neuropsychological 
test performance generally was quite subtle (i.e., neuropsy-
chological test performance was only slightly lower com-
pared to the normative population) [3, 35, 36]. In addition, 
consistent with the literature, the most commonly affected 
domains included memory, attention and working memory, 
and processing speed [1, 8, 37, 38].

Studies into the association between neuropsychologi-
cal test performance and work-related outcomes are still 
scarce. Some studies have indicated that cancer survivors 
with impaired neuropsychological test performance report 
worse work-related outcomes than cancer survivors without 
impaired test performance [21, 39]. Our findings suggest 
that better overall neuropsychological test performance and 
motor performance are associated with better work ability. 
To our knowledge, the specific association between motor 
performance and work ability in cancer survivors has not 
previously been investigated. A possible explanation for 
this finding is that the physical sequelae of cancer treatment 
(e.g., neuropathy, functional arm impairment as a result of 
breast cancer surgery and radiation therapy) may underlie 
the association between cognitive motor performance and 
work ability [13, 15, 40, 41]. Further studies will need to be 
undertaken to explore the association between motor perfor-
mance and work ability.

One unanticipated finding is that physical demands were 
the only aspect of work functioning associated with neu-
ropsychological test performance. This surprising finding is 
not supported by previous research. It is important to bear 
in mind the possible bias in this outcome. For about half 
of the participants, the physical demands subscale did not 
apply to their job and therefore, answers to items of this 
subscale were missing. A comparison of demographic and 
work-related characteristics (i.e., employment sector and 
hours) between missing and non-missing participants did not 
reveal any differences between these groups other than edu-
cation level, for which we adjusted in the regression model. 
Therefore, at this point, we have no clear explanation for 
this result. Future research is required to further investigate 
the association between physical demands at work and neu-
ropsychological test performance.

In previous research, weak associations were indicated 
between neuropsychological test performance and self-
reported outcomes [3]. In line with these findings, asso-
ciations observed in the current study between neuropsy-
chological test performance and self-reported work-related 
outcomes were generally weak. A possible explanation 
is the lack of ecological validity of neuropsychological 

Table 6   Associations between self-reported cognitive functioning with work functioning (WRFQ) and work ability (WAI)

Abbreviations: B, unstandardized beta; CI, confidence interval; WAI, Work Ability Index; WRFQ, Work Role Functioning Questionnaire; CSC-
work, Cognitive Symptom Checklist; * ≤ 0.001
The WRFQ scales range in scores from 0 to 100. The WAI ranges in scores from 0 to 10. Higher scores imply better functioning or ability. The 
CSC-work scale ranges in scores from 0 to 100. A higher score implies more cognitive complaints

WAI WRFQ WRFQ work scheduling 
and output demands

WRFQ physical 
demands

WRFQ flexibility 
demands

WRFQ mental 
and social 
demands

B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)
CSC-work  − .037*  − .58*  − .55*  − .48*  − .68*  − .64*
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testing [2, 3, 20]. Stronger associations were observed 
between self-reported cognitive functioning and self-
reported work-related outcomes. Possibly, neuropsycho-
logical testing and self-reported cognitive complaints 
measure a different aspect of cognitive functioning, as 
such that self-reported cognitive complaints much more 
reflect other self-reported symptoms, including fatigue and 
distress [2, 12, 20, 42].

In our study, we found that higher rates of self-reported 
cognitive complaints are associated with adverse work-
related outcomes. This is in line with previous work [12, 
17, 40, 43–47]. Importantly, there is evidence that these 
symptoms remain negatively related to work-related out-
comes, such as work ability, in the long term [45, 48–50]. 
Duijts et al. (2017) found that occupationally active can-
cer survivors with low self-reported work ability have an 
increased risk for work cessation over time [9]. Taken 
together, our results underscore the importance to evalu-
ate work-related outcomes in occupationally active can-
cer survivors who self-report cognitive complaints and, 
if indicated, provide this group of cancer survivors with 
evidence-based treatment options in order to sustain their 
employability.

Implications for cancer survivors

Keeping in mind that effect sizes of the associations between 
neuropsychological test performance and work-related out-
comes were small, and associations between self-reported 
cognitive functioning and work-related outcomes were 
mostly medium, some clinical implications of these find-
ings could be cautiously suggested. Considering that work 
functioning and work ability were to some extent related to 
both neuropsychological test performance and self-reported 
cognitive complaints, it is important to monitor work-related 
outcomes in occupationally active cancer survivors with 
cognitive complaints at work. In addition, evidence-based 
therapeutic strategies to improve work-related outcomes in 
this group of cancer survivors should be developed. A cogni-
tive rehabilitation approach that specifically aims at reduc-
ing cognitive symptoms at work could be a valuable part of 
interventions that aim to improve work-related outcomes. 
Furthermore, additional to self-reports, neuropsychological 
testing may be a beneficial approach in vocational rehabilita-
tion planning for cancer survivors who self-report cognitive 
complaints. Insight into an individual’s cognitive strengths 
and weaknesses could contribute to determine vocational 
rehabilitation needs. To date, several intervention studies 
have established the benefits of cognitive strategy training on 
daily life functioning in cancer survivors [51, 52]. However, 
further research into the effects of these interventions on 
work-related outcomes is needed.

Study limitations and strengths

Our study had several limitations. First, due to the cross-
sectional design, it is not possible to draw conclusions 
with regard to causality. Second, the majority of partici-
pants were female, highly educated, and diagnosed with 
breast cancer. Furthermore, 32% of participants worked in 
health care. In these respects, the cohort does not repre-
sent the average population of working cancer survivors. 
However, this finding might indicate that this subgroup of 
cancer survivors is particularly vulnerable for the cogni-
tive sequelae of cancer at work. Also, it is important to 
bear in mind that participants were recruited based on the 
presence of cognitive complaints and findings could thus 
not be extrapolated to all cancer survivors. Lastly, can-
cer survivors with poor computer skills may have refused 
participation in this online study (i.e., online assessments 
and online cognitive rehabilitation). This might affect the 
generalizability of our results to cancer survivors with 
poor computer skills. The current study also had notable 
strengths. This included the large sample size, the use of 
multiple neuropsychological tests in specific cognitive 
domains, and the inclusion of participants based on self-
reported cognitive symptoms. Furthermore, the current 
study included cancer survivors who worked on average 
30 h per week, which enabled us to explore cognitive- and 
work-related outcomes in a relatively understudied sample 
(i.e., occupationally active cancer survivors).

Conclusion

Our findings indicate that a subgroup of occupationally 
active cancer survivors with cognitive complaints is con-
fronted with low neuropsychological test performance 
across several cognitive domains. Both self-reported cog-
nitive functioning and various aspects of neuropsycho-
logical test performance are associated with self-reported 
work-related outcomes. Therapeutic strategies to improve 
work-related outcomes in cancer survivors with cancer-
related cognitive complaints at work must be explored. 
In addition, the current results highlight the value of both 
self-report and formal assessment of cognitive functioning 
when devising therapeutic strategies for this vulnerable 
group of cancer survivors.
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