
Page 1/17

Protective Effect of Occupational Complexity on
Working Memory in Patients with Frontal Lobe
Tumors
Kota Ebina 

Kanazawa University
Mie Matsui  (  miematsui@staff.kanazawa-u.ac.jp )

Kanazawa University
Masashi Kinoshita 

Kanazawa University
Daisuke Saito 

Yasuda Women's University
Mitsutoshi Nakada 

Kanazawa University

Research Article

Keywords: magnetic resonance imaging, working memory, frontal lobe tumors

Posted Date: February 23rd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-227304/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-227304/v1
mailto:miematsui@staff.kanazawa-u.ac.jp
https://doi.org/10.21203/rs.3.rs-227304/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/17

Abstract
Cognitive reserve (CR) is the capacity to cope with cognitive impairments due to brain damage by
neurological disease. CR is increased by intellectually enriching activities, such as education, occupation,
and leisure. After brain tumor resection, patients show working memory impairment because of damage
to fronto-parietal networks, such as the superior longitudinal fascicle (SLF). To date, whether
occupational experience represented as CR impacts postoperative working memory impairment in
patients with frontal lobe tumors remains unknown. We hypothesized that occupational experience
predicted postoperative working memory and that higher damage in the SLF was associated with poorer
working memory. We enrolled 27 patients who had undergone tumor resection. Patient's occupational
experience was estimated using an occupational complexity index based on a dictionary of occupational
titles. Working memory was measured using verbal and spatial working memory tasks.

Our results showed that patients who had engaged in more complex occupations showed higher
performance of postoperative working memory, which supported the previous CR hypothesis. In
conclusion, CR has protective effects against working memory impairment in patients with frontal lobe
tumors. CR measures, such as occupational experience, will help more accurately predict the severity of
working memory de�cits and the likelihood of recovery in the postoperative period.

Introduction
Working memory is the ability to temporarily retain and manipulate information, essential for language
comprehension, learning, and reasoning[1]. It is related to several daily life actions, such as conversation,
calculation and judgment. Previous studies have shown that fronto-parietal networks including the
dorsolateral prefrontal cortex (DLPFC), supplementary motor area (SMA), cingulate cortex, and parietal
lobe are involved in working memory[2],[3],[4]. In the subcortical region, a wide network of white matter
tracts, including the superior longitudinal fascicle (SLF), inferior longitudinal fascicle (ILF) and inferior
fronto-occipital fascicle (IFOF) have been reported to play a critical role in working memory[5],[6],[7].

Maximal resection is known to be an effective treatment for brain tumors, especially for low-grade
gliomas, because it contributes to improved overall survival[8]. However, damage to the cerebral cortex
and white matter neural networks after tumor resection can lead to higher cognitive function
impairment[6],[9],[10]. Since cognitive impairments after tumor resection affect the patient's quality of life[9],
a balance between life expectancy and functional prognosis is key in brain tumor treatments. Given the
indispensable role of working memory for patients’ daily life, awake brain surgery has been performed to
preserve it, which can be achieved by identifying the functional boundaries in the DLPFC[11] and SMA[12].
In addition to cortical areas, white matter tracts, such as the SLF, connecting the frontal and parietal
lobes, also play a critical role in working memory, and damage to the SLF has been suggested to
in�uence chronic postoperative working memory impairments[6],[13]. The accurate prediction of the
severity of working memory de�cits in the postoperative period and likelihood of recovery is crucial for
improving the quality of life and functional prognosis of patients with brain tumor after the resection.
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The cognitive reserve (CR) concept has been proposed to explain the discrepancy between brain
neuropathology and clinical symptoms, and the inter-individual variability in the severity of clinical
symptoms even in cases with similar degrees of brain damage[14],[15]. Previous studies have shown that
intellectually enriching experiences, such as education, occupation, leisure activities and social
participation, as well as premorbid intelligence quotient (IQ), contribute to CR development[16],[17],[18],[19].
Most studies on CR have focused on education as a proxy measure for CR, reporting that individuals with
higher levels of education show less cognitive decline in old age and a lower risk of dementia[20],[21].
Despite the low number of studies involving occupational experience used as a CR proxy, it has become
the focus of attention as a possible factor affecting CR because most people engage in occupations for
long periods in their lifetime. Previous studies used a measure of "occupational complexity", which
indicates how much specialization and complex judgment is required in occupations[22],[23]. Occupational
complexity is an index originally created for job matching, wherein each occupation is assigned a score in
three domains: complexity related to information processing (“data”), complexity related to interpersonal
processing (“people”), and complexity related to the use of machines, tools, and handling (“things”)[24].
Previous studies in older adults suggest that high occupational complexity over a lifetime contributes to
CR development and plays a role in preventing cognitive decline and the onset of dementia in old age[22],

[25],[26]. Several previous studies in stroke patients have shown that using years of education as a CR
proxy was associated with cognitive function after stroke, and that patients with higher levels of
education showed higher cognitive performance, including word �uency and working memory, than those
with lower levels of education[27],[28],[29],[30]. In studies on patients with traumatic brain injuries, a higher
premorbid IQ as a CR proxy was associated with less cognitive decline after injury[31],[32]. Further, CR has
been shown to have a protective effect against working memory impairments from traumatic brain injury
and stroke[28],[32],[33],[34]. Considering the above evidence, CR should have protective effects against
cognitive impairments, including working memory, in patients who have undergone brain tumor
resection[35]. However, no studies have investigated the relationship between occupational complexity as
CR proxy and working memory in patients with frontal lobe tumors.

The �rst aim of this study was to investigate whether damage of the fronto-parietal networks of white
matter tracts is associated with working memory impairments. The second was to determine whether
occupational complexity predicts working memory in patients who underwent frontal tumor resection.

In this study, we focused on the bilateral SLFs I, II, and III, which are large fronto-parietal tracts, and
investigated the relationships between damage to these tracts and working memory decline after tumor
resection. Next, we investigated the association between the occupational complexity of the patients'
lifetime and working memory.

Our hypothesis was that the high disconnection ratio of SLFs is associated with low working memory,
and the occupational complexity score in the main patient’s occupation would predict working memory
performance after tumor resection.
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Results
Demographics, Occupational Complexity and Neurocognitive Data

Table 1 shows the patient’s demographics, occupational complexity scores, and cognitive data.
Occupational complexity scores in “data”, “people” and “thing” domain were determined for the job in
which the patients had been employed for the longest period of time in the patient's occupational history.
The average main occupation number of years in the patients’ lifetime was 21.4 (SD = 15.1). The scores
of all domains of occupational complexity (“data”, “people” ,and “things”) were summed up and used as
the total score of occupational complexity. For all participants, the mean of occupational complexity
scores in the “thing” (Mean = 4.6, SD = 1.6) domain was slightly higher than that in the “data” (Mean = 3.6,
SD = 1.2) and “people” (Mean = 3.4, SD = 1.8) domain.

Lesion Mapping and Disconnectome Maps
Figure 1a shows the resection cavities’ overlap map in all patients (N = 27). The map indicated that the
right frontal lobe had more resection cavities’ overlap. The resection cavities showed the greatest overlap
in the right superior frontal gyrus, including the supplementary motor area (Fig. 1a). The disconnectome
maps, with more voxel clusters on the dorsal and ventral fronto-parietal pathway, are shown in Fig. 1b.
The voxels shown by disconnectome maps were overlaid with SLF I, II, and III on the Montreal
Neurological Institute (MNI) template (Fig. 2). As a result, the voxels of potentially damaged white matter
tracts were found to be particularly located in the right SLF I and right SLF II.
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Correlations between Working Memory and Damage of White Matter Tracts

The Tractotron in the BCBtoolkit (http://toolkit.bcblab.com/) was used to calculate the disconnection
ratio of SLFs. To determine whether greater SLF damage is likely to decrease working memory post-
operatively, we used Spearman rank correlation coe�cients to examine the association between the SLF’s
disconnection ratio and working memory. We observed signi�cant negative correlations between digit
span backward scores and disconnection ratio of right SLF I (r = -0.53, p < 0.05). Tapping span backward
scores were signi�cantly associated with the disconnection ratio of the left SLF II (r = -0.75, p < 0.05).
Verbal 2-back task scores were signi�cantly correlated to disconnection ratio of left SLF II (r = -0.75, p < 
0.05) and left SLF III (r = -0.83, p < 0.05). There was no signi�cant relationship between the spatial 2-back
scores and the disconnection ratio of any SLF (Supplementary table 1).

Regression analysis of occupational complexity and working memory after tumor resection
To investigate whether occupational complexity scores can predict working memory scores, multiple
regression analysis was performed with occupational complexity scores as a predictor variable and
working memory scores as dependent variable. Regarding multiple regression analysis, since years of
education and Japanese Adults Reading Test (JART) scores are considered as one factor in CR, these
variables were included as adjusting variables in the model. Similarly, age was entered into the model as
an adjusting variable, because age affects the scores on the working memory task. The results of
multiple regression analysis revealed that the total scores of occupational complexity signi�cantly
predicted digit span backward scores (β = 0.51, p < 0.05: Table 2) and verbal 2-back scores (β = 0.4, p < 
0.05: Table 3). The total scores of occupational complexity were not signi�cantly correlated with tapping
span backward and spatial 2-back scores. The digit span backward scores (β = 0.52, p < 0.05: Table 2)
and verbal 2-back task scores (β = 0.47, p < 0.05: Table 3) were signi�cantly predicted by the occupational
complexity “data” domain scores. The occupational complexity “data” domain scores were not correlated
with tapping span backward and spatial 2-back scores, while the “people” and “things” domain scores
were not signi�cantly associated with any working memory variables. For details on the results of
multiple regression analysis, see Supplementary tables 2 and 3.
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Discussion
The purpose of this study was to clarify whether SLF damage was associated with working memory
impairments, and whether occupational experience, considered as a component of CR, predicted working
memory after tumor resection in patients with frontal lobe lesions. Working memory was estimated using
the digit span backward, tapping span backward, verbal 2-back, and spatial 2-back tasks, and the level of
cognitive activity in the patients' main occupation was assessed using the occupational complexity
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index. In this study, we showed that a larger disconnection ratio of SLFs was signi�cantly associated with
lower working memory performance, and that occupational complexity scores signi�cantly predicted
working memory after tumor resection. Furthermore, we found that the occupational complexity “data”
domain predicts verbal working memory scores. In recent years, the effects of CR have been investigated
not only in dementia or aging, but also in a broader range of disorders, such as traumatic brain injury and
stroke[28],[30],[33]; however, no study had focused on occupational complexity as a CR in patients with
frontal lobe tumors. To our knowledge, this is the �rst study to demonstrate that occupational complexity,
as a CR, predicts working memory after tumor resection in patients with frontal lobe tumors.

To investigate the relationship between damage to the fronto-parietal networks and working memory
after brain tumor resection, we analyzed the relationships between the disconnection ratio of the SLFs I, II,
and III and working memory scores. The results of correlation analysis showed that SLFs’ disconnection
ratio was signi�cantly associated with working memory. Although spatial 2-back task scores were not
signi�cantly associated with SLFs’ disconnection ratio, an overall negative association was observed. In
particular, a higher disconnection ratio of the right SLF I was associated with lower rates of correct
responses in the spatial 2-back task (Supplementary Table 1). On the other hand, the signi�cant negative
associations between tapping span backward scores and the disconnection ratio of the left SLF II were
unexpected, since visuospatial information processing has been considered to localize mainly in the right
hemisphere. However, previous studies indicated that visuospatial working memory tasks recruited
activation within broader areas, including the bilateral white matter networks[5],[36]. Therefore, our �nding
of negative associations between tapping span backward scores and the left SLF disconnection ratio is
consistent with these reports.

We showed that higher occupational complexity is associated with higher verbal working memory after
tumor resection. Previous studies in patients with brain lesions have shown that CR proxies, such as
premorbid IQ and education, were associated with neuropsychological outcomes, including working
memory[32],[28]. Furthermore, among the three domains of occupational complexity, scores of the “data”
domain predicted verbal working memory scores. These results are consistent with previous studies
showing that higher levels of occupational complexity, especially in the “data” domain, were associated
with higher cognitive function, including working memory, in healthy participants[37],[38].

Our �ndings that “people” and “things” occupational complexity were not signi�cantly associated with
working memory were unexpected. One possible explanation is that since the included patients belonged
to a wide range of ages, we did not consider the tie that participants engaged in their primary occupation.
In a previous study, for individuals whose principal occupation duration was > 23 years, “people” or
“things” were associated with a lower risk of dementia[25]. Occupation duration may also be an important
factor affecting CR. Further studies considering occupation duration are needed to investigate the effects
of CR on occupational complexity.

The present study showed no signi�cant association between occupational complexity and spatial
working memory, including the tapping span backward and spatial 2-back tasks. This result can be
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explained by the feature of functional compensation, considered as one of the mechanisms governing
the protective effect of CR. Functional compensation refers to recruiting alternative neural networks in
order to cope with brain pathology. This compensation is related to brain anatomy, which leads to
dynamic, redistributable, and reorganizable neural networks[39]. A study focusing on compensation in CR
found that individuals with high white matter hyperintensities and high education levels (i.e. individuals
with larger brain damage and higher CR) compensatively recruited broader areas, including the putamen
and thalamus, in addition to the fronto-parietal network, during working memory tasks[40]. In the study of
gliomas, the functional compensatory capacity has been shown to differ between cortical and subcortical
regions, wherein white matter tracts experienced lower functional compensation than cortical areas[41]. In
addition, a previous study reported that right SLF I and II damage led to chronic impairments in spatial
working memory[6]. In our study, the disconnectome maps showed that the right SLF I and II were
particularly damaged. Considering these �ndings, CR may not play a protective role by compensation if
white matter tracts, such as SLFs, are damaged. With respect to verbal working memory, in addition to the
DLPFC, the superior temporal gyrus and middle temporal gyrus, are highly compensatory regions, are also
involved verbal working memory[41],[42],[43],[44]. Therefore, regarding the verbal working memory of patients
with frontal lobe tumors, patients with higher CR can better cope with the decline in verbal working
memory by using these highly compensatory networks, even if fronto-parietal networks are damaged. To
elucidate the mechanism of CR in brain tumor patients, further studies are needed to clarify which neural
networks are actually used as compensatory mechanisms.

The present study has several limitations. First, we did not include patients with severe brain lesions in
this study. Thus, it is unclear whether occupational complexity as CR index affects working memory after
tumor resection in patients with more severe lesions and cognitive impairment. Second, the sample size
was relatively small, and the statistical power low. Overall, our results were consistent with previous
studies; however, further investigation with an increased sample size is needed. Third, since this study is
a cross-sectional study using data after tumor resection, we were not able to investigate changes in
working memory before and after surgery. Therefore, further studies focusing on changes of working
memory from preoperative to postoperative conditions are needed to clarify the protective effects of
occupational complexity. Lastly, the present study has shown that patients engaged in occupations with
higher complexity suffer less working memory impairments after tumor resection; however, the neural
mechanisms underlying the protective effects of occupational complexity have not been elucidated. In
patients with high levels of occupational complexity, it is unclear which compensatory brain areas are
utilized to cope with working memory decline. To clinically apply CR in the future, further research
elucidating the neural mechanisms of CR in patients with brain tumors is essential.

Conclusion
Working memory impairments have been reported after frontal lobe tumor resection. We found that
damage to fronto-parietal white matter networks is associated with working memory impairments and
occupational complexity, as CR plays a protective role against working memory impairments. The present
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study is the �rst to show that a patient’s occupational complexity predicts their working memory after
tumor resection. In particular, our results show that higher levels of occupational complexity were
associated with verbal working memory. These �ndings support previous studies on the association
between CR and cognitive de�cits caused by brain damage due to neurological diseases. These �ndings
can help us more accurately predict the severity of working memory de�cits in the postoperative period of
patients with frontal lobe tumors.

Methods
Participants

Twenty-seven patients with a tumor located within the frontal lobe (right hemisphere = 17, left
hemisphere = 10) participated in this study (age: 52 ± 13.6 years). These patients were diagnosed with
brain tumors including oligodendroglioma (n = 10), anaplastic astrocytoma or oligodendroglioma (n = 7),
diffuse astrocytoma (n = 4), glioblastoma (n = 2), metastatic brain tumor (n = 2), dysembryoplastic
neuroepithelial tumor (n = 1), and cavernous angioma (n = 1). Ten patients received radiotherapy.
Exclusion criteria were severe cognitive impairments which led to di�culty performing working memory
tasks and premorbid IQ scores < 70. Evaluation of occupational complexity and all neurocognitive
assessments were performed post-surgery and neurocognitive data were retroactively obtained from
clinical records. Participants underwent tumor resection at Kanazawa University Hospital. The
demographic characteristics of participants’ are shown in Table 1. This study was approved by the
medical ethics committee at Kanazawa University [No. 2018 − 140 (2897)], and performed with written
informed consent from all participants after the procedures were fully described to them. This study was
conducted in accordance with the guidelines of the Internal Review Board of Kanazawa University.

Evaluation of occupational complexity

Interviews were performed to examine the occupational history of all patients. We determined each
occupational complexity score for domain data (range: 0.96–6.91), “people” (range: 1.07–8.8) and
“thing” (range: 1.02–6.96) using the Japanese version of the occupational complexity scores based on
the DOT 4th revision[45]. Occupational complexity scores were chosen for the patient's main occupation in
their occupational history.

Neurocognitive assessment
The digit span task in the backward condition was conducted using a subtest of the Clinical Assessment
for Attention (CAT)[46]. In it, patients listened to a sequence of numbers presented orally and then
immediately reproduced the numbers in the reverse order. The tapping span test was also a subtest of the
CAT’s Japanese version to evaluate working memory for visuospatial information. In it, the patients
memorized the order in which the tester pointed to the squares in sequence, and immediately afterwards
pointed to the squares in the reverse order. For both digit span test and tapping span test, the number of
digits achieved by the patients was scored. A higher number of achieved digits implies a higher working
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memory performance. The spatial 2-back task[6] was also used to examine working memory for
visuospatial information. The stimuli in this task consist of circles that appear in one of nine different
locations within the squares. A circular stimulus was presented in one of the nine locations on the screen
for 3 seconds, and the patients were asked to judge whether the currently presented stimulus was in the
same location as the stimulus presented in the two previous trials. The verbal 2-back task was
administered to evaluate working memory for verbal information. The verbal stimuli consisted of Kana
(Japanese syllabogram). Similar to the spatial 2-back task, patients responded whether the verbal
stimulus presented was the same as that presented two trials earlier. For the spatial 2-back task and
verbal 2-back task, 8 trials split in 4 blocks were performed, and the correct answer rate (%) was used as
the score.

Magnetic Resonance Image
T1 MR images were acquired postoperatively using 3DT1-weighted sequences on a 3.0 Tesla MRI
scanner (Signa Excite HDx 3.0T, General Electric Medical Systems).

Disconnection analysis
Patients’ MRI images were normalized into MNI space using SPM 12 (Statistical Parametric Mapping;
https://www.�l.ion.ucl.ac.uk/spm/software/spm12/) implemented in a MATLAB environment (R2019a,
version 9.6; The MathWorks, Inc). Next, MRIcron software
(https://people.cas.sc.edu/rorden/mricron/index.html) was used to reconstruct resection cavities. All
reconstruction resection cavities were �rst manually drawn by K. E. and subsequently checked by the
experienced neurosurgeon (M. K.). The patients damage of white matter tracts was calculated using the
Tractotron analysis in the BCB toolkit, which estimates the disconnection ratio of each white matter tract
at the individual level. Tractotron determines the damage pattern induced by a lesion in the MNI152
space based on a recently published atlas of tractography-based white matter tracts[47]. A disconnection
rate > 50% is generally considered to represent a disconnection in the white matter tract. We focused on
fronto-parietal network tracts which may play an important role in working memory included the bilateral
SLF I, SLF II and SLF III.

Disconnectome maps
The Disconnectome maps software in the BCBtoolkit[48] was used to visually represent the disconnected
white matter tracts in each patient. The disconnectome map tracks the white matter pathway through
each lesion’s region of interest using diffusion-weighted imaging data of healthy participants[47]. Patients'
lesions in the MNI152 space are registered to each control native space using a�ne and diffeomorphic
deformations [49],[50] and subsequently used as seed for tractography in Trackvis[51]. Tractographies from
the lesions were transformed in visitation maps[52], binarized and brought to the MNI152 space using the
inverse of precedent deformations. Finally, we produced a percentage overlap map by summing the
normalized visitation map of each healthy subject at each point in MNI space. Hence, in the resulting
disconnectome map, the value in each voxel considers the interindividual variability of tract
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reconstructions in controls, and indicates a probability of disconnection from 0 to 100% for a given
lesion[53].
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Figure 1

1a. Overlay map of the resection cavity in patients with frontal lobe tumors (N=27). Maximum resection
cavity overlap in the right superior frontal gyrus. Red color indicates an area with a large overlap of
resection cavities. R=Right, L=Left. 1b. Disconnectome maps in patients with frontal lobe tumors (N=27).
This map indicates disconnected white matter tracts in all patients overlaid on a MNI152 template.
Higher overlay of white matter tracts disconnection map is observed in the dorsal and ventral fronto-
parietal pathway. The red color indicates an area with a large overlap of disconnection maps.
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Figure 2

Comparison of white matter tract disconnection between the right and left hemispheres. This map shows
the disconnectome maps in all patients overlaid with superior longitudinal fascicles (SLFs) atlas on a
MNI152. Higher overlay of white matter tracts disconnection map is observed in the right SLFs I, II and III
than in the left hemisphere. The red color indicates an area with a large disconnection of white matter
tracts. R=Right, L=Left, SLF= Superior Longitudinal Fascicle.
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