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Abstract
Purpose  This study sought to identify the prefrontal cortex hemodynamic response that is dependent on cognitive perfor-
mance in patients with bulimic disorders (BD), and investigate its association with personality characteristics.
Methods  Nineteen female patients with BD and 23 healthy women were recruited. Their personality characteristics related 
to eating disorders were examined using a self-reporting questionnaire, namely the eating disorder inventory-2 (EDI-2). 
Cerebral blood flow response in the prefrontal cortex during the digit span backward task (DSBT) was measured using near-
infrared spectroscopy (NIRS). Change in oxygenated hemoglobin concentration (ΔoxyHb), obtained using NIRS, were used 
as an index of brain activity. Further, the relationship between prefrontal cortical activity and personality characteristics 
was investigated in patients with BD.
Results  The cognitive performance of patients with BD was significantly lower in the DSBT compared with healthy sub-
jects. There was no difference between the groups in ΔoxyHb during the task. Task scores of patients with BD correlated 
with asceticism and perfectionism. Moreover, the asceticism score was negatively correlated with ΔoxyHb of the bilateral 
prefrontal cortex in patients with BD.
Conclusion  The results suggest that cognitive performance and brain activity induced during DSBT might be affected by 
asceticism in BD patients.
Level of evidence  III, case-control study.
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Introduction

Bulimia nervosa (BN) and binge eating disorder (BED) 
are both defined in the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5) by regular and 

sustained binge eating episodes, with a lack of control over 
eating during the episode [1]. According to DSM-5, BN is 
characterized by self-evaluation that is unduly influenced 
by body shape and weight, focused on controlling weight 
by inappropriate compensatory behavior [2–4]. However, 
although BED may also occur due to overvaluation of shape 
and weight, behavior preventing weight gain is uncommon 
[2]. In both cases, the patients’ body weight may be normal 
or high. Since the subtype of disorders that a patient is diag-
nosed with may change over time, and because some patients 
may have a history of AN or may develop AN in the future 
[5], a standard approach for the treatment of eating disorders 
(ED) based on the “transdiagnostic” theory, which focuses 
on psychopathology beyond diagnosis, is used [5]. Accord-
ing to this theory, individuals may have some personality 
characteristics that may act as symptom maintenance factors 
for eating disorder (ED) [6, 7].
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Personality characteristics in ED are often evaluated 
using the Eating Disorder Inventory-2 (EDI-2) which 
includes 11 characteristics, such as perfectionism and 
asceticism [8, 9]. For example, asceticism is defined as 
a tendency to pursue the ideal of self-sacrificing spirit, 
such as self-discipline, self-denial, self-restriction, and 
excessive control of physical needs [9, 10]. It has been 
reported that the high asceticism scores are positively 
correlated with the frequency of vomiting in the purg-
ing type of BD [11]. Personality characteristics influence 
lifestyle and methods of adaptation; they are individual-
specific patterns that are closely related to thought, emo-
tion and behavior. In addition to the personality character-
istics, cognitive impairment in BD has attracted attention 
recently as a reason for the maladaptive behavior and 
symptom maintenance factors [12–14]. The prefrontal 
cortex (PFC) is responsible for cognitive functions such 
as working memory and executive function, which ensure 
appropriate judgments and selection for achieving an 
intended purpose [15]. Indeed, patients with AN show a 
higher tendency of perfectionism, resulting in lower scores 
in tasks that require cognitive flexibility. These patients 
also show a higher tendency toward social insecurity, with 
severely low weight, and higher scores in the verbal flu-
ency task [16].

Near-infrared spectroscopy (NIRS) is a non-invasive neu-
roimaging method using near-infrared light, which allows 
the detection of slight changes in blood oxygenation induced 
by cognitive processing [17–20]. The results of NIRS can be 
helpful in the assessment of cortical activity related to cogni-
tive function [21–25]. Some neuropsychological examina-
tions using NIRS have been performed for patients with ED 
[16, 26–30]. For example, it has been reported that patients 
with AN have lower frontal cortical oxygenated hemoglobin 
concentration (oxyHb), but without performance deficits 
during cognitive tasks [29]. Uehara et al. concluded that 
hemoglobin concentration changes in the prefrontal cortex, 
occurring during a verbal task, are different in patients with 
ED (specifically AN and BN), relative to healthy subjects 
(HS) [30]. Furthermore, Sutoh et al. reported that patients 
with BD require strong prefrontal cortical activation to per-
form “difficult-to-lose” tasks with an accuracy equal to that 
of healthy controls [28]. In addition, they concluded that 
increased impulsivity and disinhibition (lack of control) are 
seen more frequently in BN patients compared with AN 
patients, and are manifested as episodes of eating behaviors 
[28].

Thus, these changes in factors such as among cognitive 
function, cognitive ability-dependent PFC hemodynamics, 
and personality characteristics, influence the other factors. 
However, compared to AN, little is known about the rela-
tionship among personality characteristics, cognitive func-
tion and brain activity in BD.

The aim of this study was to identify the hemodynamic 
PFC responses that are dependent on cognitive performance 
in BD, and investigate the association between cognitive per-
formance and personality characteristics.

Methods

Subjects

Patients were recruited through the outpatient unit of Chiba 
University Hospital. HS were recruited via advertisements 
placed on a website and the hospital notice board. A psy-
chiatrist assessed 31 HS and 24 patients with BD. Patients 
with a severe psychiatric comorbidity causing impairment of 
cognitive function, and neurological disorders, head injury, 
suicidal ideation, substance abuse, or body mass index 
(BMI) < 17 kg/m2 were excluded from this study. Among 
the 55 participants who entered this study, 12 were excluded 
due to incomplete responses to questionnaires (8 HS and 4 
patients with BD). Therefore, the final analysis comprised 
of 23 HS and 19 patients with BD. All the participants were 
female. The age range was 18–39 years (HS, 27.8 ± 7.1 
years; patients with BD, 29.2 ± 5.9 years; p = 0.50). Mean 
BMI for HS and patients with BD was 20.6 ± 1.8 kg/m2 and 
20.3 ± 2.3 kg/m2, respectively (p = 0.61). Wechsler Adult 
Intelligence Scale-Revision was used for all subjects to 
match intelligence levels for the cognitive task. Intelligence 
quotient was 98.2 ± 14.9 for HS, and 91.9 ± 15.2 for patients 
with BD (p = 0.19). Years of education were 14.4 ± 1.6 years 
for HS, and 14.6 ± 2.2 years for patients with BD (p = 0.75). 
All patients were diagnosed with BD or BED by a psychia-
trist familiar with ED based on fulfillment of the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition, 
Text Revision criteria (American Psychiatric Association, 
2000) for BD.

Among the 19 patients with BD, 17 were diagnosed with 
BN, and 2 with BED. Regarding psychiatric comorbidities, 
2 patients exhibited mood disorders, and 2 exhibited mild 
depression. Out of these 4 patients, 2 were being adminis-
tered an antidepressant, 1 an anxiolytic and 1 an antiepilep-
tic by their primary care doctors. All but 4 of the subjects 
were right-handed (2 patients and 2 HS), as confirmed by 
the Edinburgh Handedness Inventory [31].

Design and procedure

The clinical symptoms of BD and each subjects’ personality 
characteristics were examined in advance using self-reported 
questionnaires: namely, the Bulimic Investigatory Test, 
Edinburgh (BITE) [32] for assessment of the severity of 
bulimic symptoms, Hospital Anxiety and Depression Scale 
[33], for evaluation of anxiety and depression, and EDI-2 
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[8, 9] for assessment of psychopathological characteristics. 
A psychiatrist familiar with ED assessed the patients, using 
a structured interview, Eating Disorder Examination ver-
sion 16.0 [34]. Prefrontal cortical activity was individually 
evaluated by measuring changes in concentration of oxyHb 
(ΔoxyHb) using NIRS, during performance of the digit span 
backward task (DSBT), as described below.

The subjects were instructed to sit in a comfortable chair 
in the experimental room. After the task instructions were 
given, an NIRS device was fitted on their forehead. The 
subjects were instructed to focus their gaze on the moni-
tor screen to perform the task according to the visual cues. 
On the monitor screen, numbers were presented individu-
ally every second. Once the series ended, a blank screen 
appeared, on which the subjects were required to recite the 
numbers in the reverse order. The time allotted for answering 
one question was 10 s. The screen automatically proceeded 
to the next question regardless of whether the subject gave 
the correct or incorrect answer (Fig. 1b). The subject con-
tinued this procedure through the task period (60 s). Six 
questions were asked. The task consisted of a 40-s pre-task 
period, a 60-s DSBT period and a 60-s post-task period. 
The subjects were required to repeat “1, 2, 3…” during the 
pre- and post-task period as a baseline (and recovery) values.

Cognitive task and NIRS measurements

The DSBT is associated with executive function and work-
ing memory, and is a reliable task used in the Japanese ver-
sion of the WAIS-R (Wechsler, 1981) [35–37]. The DSBT 
requires transformation to reorder the input digits in a 
reversed sequence to generate the output. Due to the dif-
ficulty of the task, this executive process is considered rela-
tively “heavier” than other tasks such as the digit span for-
ward task (DSFT) [38, 39]. DSBT performance is impaired 
in the case of a frontal lobe lesion, concordant with evidence 
from NIRS that DSBT activates bilateral dorsolateral PFC 

to a greater extent than DSFT in HS [17, 18]. Accordingly, 
this burdensome task is more suitable for our current study.

A 16-channel optical topography system (OEG-16; Spec-
tratech Inc., Tokyo, Japan) with 6 light emission and 6 light 
detection probes, was used for NIRS recordings during 
DSBT. The deoxygenated hemoglobin concentrations were 
sampled at 1.5 Hz (approximately 0.67 s/sample). Channels 
8 and 9 were placed on the top and bottom of Fpz, according 
to the International 10–20 system used in electroencephalog-
raphy. Detection and emission probes were placed at 3-cm 
intervals of each other (Fig. 1a).

Data analysis

Near-infrared spectroscopy (NIRS) data consisted of 160-s 
measurement durations. The duration of each section was 
40 s for the baseline, 60 s for the task, and 60 s for the post-
task. Data analysis was performed using custom-made soft-
ware working on MATLAB R2013a (Mathworks, Natick, 
MA, USA). A high-pass filter with a 0.13-Hz discrete cosine 
transform and low-pass filter using a 51-point moving aver-
age were applied. After filtering, conversion to z values was 
performed using the baseline average [19, 20]. Average z 
values for the ΔoxyHb for each section (baseline, task, and 
post-task) were calculated for bilateral foreheads of each 
subject. The ΔoxyHb in bilateral dorsolateral PFC was aver-
aged across channels 2 to 6 (right forehead) and channels 11 
to 15 (left forehead). Taking advantage of a higher signal-
to-noise ratio, the time axis was divided into 9 sections: 1 
section for baseline, and 8 sections for task and post-task, 
which were divided into 15-s periods.

Statistical analysis

The values obtained from patients with BD and HS were 
compared using Student’s t test, controlling for demographic 
parameters. For the NIRS data, two-way repeated-measures 

Fig. 1   a Position of near-
infrared spectroscopy (NIRS) 
probes. Changes in oxygenated 
hemoglobin (oxyHb) were 
measured using a 16-channel 
NIRS machine (Spectratech 
OEG-16) at two wavelengths 
of near-infrared light (780 and 
830 nm). Absorption of near-
infrared light was measured 
and oxyHb calculated. b Task 
procedure Post task (60 s)Pre task  (40 s) Task (60 s)
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analysis of variance (ANOVA), followed by Bonferroni post-
hoc test, was used to compare the differences between the 
two groups. In addition, correlation coefficients between 
two variables (Spearman’s rs) were used to determine the 
correlation among peak ΔoxyHb values, task scores, and 
each psychopathological score. Finally, multiple regression 
analysis was performed for two groups to identify the best 
predictors of ΔoxyHb, using ΔoxyHb as the dependent vari-
able and all EDI-2 subscale scores as independent variables. 
All statistical analyses were performed using SPSS version 
21 (IBM Corp., Armonk, NY, USA), and the statistical sig-
nificance level was set at p < 0.05 (two-tailed tests).

Results

Demographic analyses and clinical characteristics

Mean values (M), standard deviation (SD) and p values (Stu-
dent’s t test) for all demographic parameters are presented in 
Table 1. As shown in Table 1, the BITE symptom score and 
severity scale were significantly higher for patients with BD 
(symptom scale 21.3 ± 5.5; severity scale 11.2 ± 5.5) com-
pared with HS (symptom scale 5.3 ± 3.7, p < 0.001; sever-
ity scale 1.4 ± 1.1, p < 0.001). Anxiety score and depres-
sion scores (Table 2) were significantly higher for patients 
with BD (anxiety 8.8 ± 4.4; depression 9.3 ± 5.2) compared 
with HS (anxiety 4.9 ± 3.4, p < 0.001; depression 3.4 ± 2.8, 
p < 0.001). No difference was observed in “maturity fear” 

on the EDI-2 subscale between HS and BD patients (HS 
8.7 ± 3.6; BD patients 10.0 ± 4.9; p = 0.353). However, 
all other subscale scores were significantly higher for BD 
patients than for HS.

Task performance

The number of correct answers in the DSBT for BD patients 
(M = 3.2, SD = 1.2) was significantly lower compared with 
HS (M = 4.1, SD = 1.0, p = 0.009) (Table 2).

The ΔoxyHb in PFC during DSBT

Compared with baseline values, significant increases in 
oxyHb were observed for both groups during DSBT. How-
ever, BD patients exhibited a more gradual increase in 
oxyHb than HS at the beginning of the task period, which 
continued to gradually increase until the beginning of the 
post-task period. The ΔoxyHb during the task showed a ten-
dency to be higher for BD patients than for HS. However, 
this difference was not statistically significant.

Figure 2 shows the raw NIRS data for ΔoxyHb. The 
ΔoxyHb of bilateral PFC was notably increased for both 
groups during the task, in comparison with baseline (pre-
task). However, two-way repeated measures ANOVA 
showed no significant difference in ΔoxyHb between groups 

Table 1   Demographic characteristics of the participants

BMI body mass index, BD bulimic disorder, BED binge eating disor-
der, BITE bulimic investigatory test, Edinburgh
**p < 0.001

HS (n = 24) BD (n = 19) p value

Mean SD Mean SD

Age (years) 27.8 7.1 29.2 5.9 0.50
BMI (kg/m2) 20.6 1.8 20.3 2.3 0.61
Intelligence quotient (IQ) 98.2 14.9 91.9 15.2 0.19
Education (years) 14.4 1.6 14.6 2.2 0.75
Duration of illness (years) – – 6.9 4.7 -
Subtype
 BN – – 17 – –
 BED – – 2 – –

BITE
 Severity 1.4 1.1 11.2 5.5 0.000**
 Symptom 5.3 3.7 21.3 5.5 0.000**

Medication
 Antidepressant – – 2 – –
 Anxiolytic – – 1 – –
 Antiepileptic – – 1 – –

Table 2   Scores on HADS, EDI-2 and DSBT

HADS Hospital Anxiety and Depression Scale, EDI-2 eating disorder 
inventory-2, DSBT digit span backward task
*p < 0.05; **p < 0.001

HS (n = 24) BD (n = 19) p value

Mean SD Mean SD

HADS
 Anxiety 4.9 3.4 8.8 4.4 0.000**
 Depression 3.4 2.8 9.3 5.2 0.000**

EDI-2
 Total 72.6 26.9 137.5 40.3 0.000**
 Drive for thinness 3.3 3.3 15.4 4.7 0.000**
 Bulimia 0.7 1.1 11.4 6.2 0.000**
 Body dissatisfaction 14 6.3 18.7 6.3 0.017*
 Ineffectiveness 6.2 3.7 13.2 6.2 0.000**
 Perfectionism 2.8 3.2 6.3 4.0 0.003**
 Interpersonal distrust 3.6 3.7 8.1 5.6 0.005**
 Interoceptive awareness 3.4 4.9 11.5 8.3 0.001*
 Maturity fear 8.7 3.6 10.0 4.9 0.353
 Asceticism 7.8 3.9 13.3 3.7 0.000**
 Impulse regulation 13.9 4.5 16.8 4.8 0.049*
 Social insecurity 9.1 2.9 13.2 3.1 0.000**

DSBT score
 Number of correct answers 4.1 1.0 3.2 1.2 0.008*
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at any point during the task (F (1,39) = 0.03, p = 0.864). Peak 
value of ΔoxyHb and the time to peak also showed no cor-
relation between groups.

Correlation of prefrontal cortical activity with DSBT 
performance and personality characteristics

The number of correct answers was lower for BD patients 
than for HS. Further, there was no difference in ΔoxyHb 
between groups during DSBT (Table 2). The DSBT scores 
of BD patients correlated with the EDI-2 subscales, asceti-
cism (rs = 0.513, p = 0.025) and perfectionism (rs = 0.514, 
p = 0.025) (Fig. 3). No other correlation was detected 
between DSBT performance and EDI-2 personality 

characteristics. The asceticism score negatively corre-
lated with ΔoxyHb of the bilateral PFC for BD patients 
(left PFC, rs = − 0.506, p = 0.027; right PFC, rs = − 0.542, 
p = 0.016) (Fig. 4).

Multiple regression analysis for the bilateral PFC 
showed no significant differences between HS and BD 
patients, however, ΔoxyHb in the bilateral PFC of BD 
patients during DSBT, negatively correlated with asceti-
cism score (left: β = − 0.57, p = 0.01; right: β = − 0.911, 
p = 0.001) (Table 3). However, asceticism of HS showed 
no association with ΔoxyHb (asceticism: left PFC, 
rs = − 0.045, p = 0.839; right PFC, rs = − 0.236, p = 0.279). 
(DOI for the above data is https​://doi.org/10.6084/m9.figsh​
are.53980​15).

Fig. 2   Raw data show-
ing changes in oxygenated 
hemoglobin (oxyHb) of a right 
prefrontal cortex (PFC) and 
b left PFC by near-infrared 
spectroscopy (NIRS) during the 
digit span backward task
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Discussion

To our knowledge, this is the first study, using NIRS, in 
BD patients to evaluate the association between personal-
ity characteristics and prefrontal cortical activity during 
a cognitive task. In relation to cognitive performance and 
personality characteristics of BD patients, we investigated 

ΔoxyHb in PFC during DSBT and compared with HS. Dur-
ing DSBT, both groups exhibited greater activation of the 
bilateral PFC. However, no difference in PFC activation was 
observed between the two groups. BD patients exhibited 
lower DSBT performance than HS, and performance cor-
related positively with asceticism that is a subscale of EDI-
2. Moreover, asceticism negatively correlated with bilateral 
PFC activation of BD patients but not with that of HS.
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Table 3   Multiple regression 
analysis with oxygenated 
hemoglobin (oxyHb) of left and 
right prefrontal cortex (PFC) as 
dependent variables in bulimic 
disorder patients (BD) and 
healthy subjects (HS)

Variables Left PFC Right PFC

Beta t p Beta t p

BD
 Asceticism − 0.573 − 2.88 0.010 − 0.911 − 3.84 0.001
 Depression 0.558 2.353 0.032

HS
 Interoceptive awareness 0.359 2.224 0.038
 Maturity fear − 0.549 − 3.090 0.006 − 0.700 − 0.433 0.000
 Impulse regulation 0.372 2.090 0.049
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Greater PFC activation during DSBT

In this study, we observed a significant increase from base-
line value in oxyHb during DSBT, for each group. While 
the difference in oxyHb between the two groups did not 
reach statistical significance, a distinct increase in oxyHb 
was observed during the first half of the task. In HS, oxyHb 
reached a peak by the first half of the task, and although 
the increase in oxyHb of BD patients was initially com-
parable with HS, it continued to increase beyond the HS 
peak, and peaked in the latter half of the task. However, 
the overall magnitude of ΔoxyHb was not significantly dif-
ferent between two groups. Generally, HS exhibit a larger 
activation than ED patients, and HS exhibit an initial rapid 
increase followed by a gradual decrease in oxygenated- and 
total-Hb [30]. Conversely, patients with ED exhibit a smaller 
activation than HS, and a gradual elevation of oxygenated-
Hb [30]. Our results are in accordance with a reported 
ΔoxyHb pattern in HS showing an initial rapid increase, 
followed by a gradual decrease [30]. Oxygenation changes 
in patients with ED are characterized by a lower and more 
gradual increase in regional cerebral blood volume [29]. 
This may be explained by attempts by ED patients to reduce 
metabolism to conserve energy [30]. However, in our study, 
oxyHb of BD patients was not lower compared with HS, 
rather it tended to be higher, which is not consistent with 
previous results [30]. Regarding the subjects of the study 
of Uehara et al., the number of AN was larger than BN. 
Therefore, BMI of the participants in their study was lower 
than participants in our study. This may explain, in part, our 
differing results.

Association among DSBT performance, asceticism, 
and bilateral PFC activation

We found a significantly higher asceticism score in patients 
with BD, compared with HS, that positively correlated with 
DSBT patient performance. Moreover, asceticism scores 
of BD patients were the best predictor of ΔoxyHb in the 
bilateral PFC, based on multiple regression analysis. There-
fore, patients with higher asceticism scores exhibited lower 
ΔoxyHb during DSBT. Since 1991, asceticism has been one 
of three new EDI-2 subscales, along with impulse regula-
tion and social insecurity. Schoemaker et al. [40] suggested 
that the asceticism scale is valuable for distinguishing BD 
patients from general psychiatric outpatients. The EDI-2 
includes specific questions for the assessment of asceticism 
that represent idealistic desires for self-realization, such as 
“I do not like being weak”, “It can be good to suffer”, and “I 
want to control everything”. Asceticism indicates a will “to 
train” or “to discipline” oneself for achieving certain pur-
poses by suppressing desires and/or feelings. Garner et al. 
mention that asceticism measures the tendency to pursue 

spiritual ideals such as self-discipline, self-denial, self-lim-
itation, hypercontrol over bodily needs, and self-sacrifice 
[8–10]. As mentioned earlier, patients with BD have a strong 
desire to lose weight, which is the pursuit of an ideal; con-
sequently, asceticism may manifest strongly. Moreover, Sas-
saroli et al. [41] indicate that the patients with ED are more 
concerned about making mistakes than patients with other 
psychiatric disorders (such as obsessive–compulsive disor-
der or major depressive disorder). Consequently, these con-
ditions may lead to maintenance of aroused consciousness.

Limitations

Our study has some limitations that should be noted. The 
number of subjects examined was small. We targeted only 
BN in this study and did not include AN patients. Further-
more, we did not control for the presence of other axis I 
and axis II disorders, such as anxiety, depression, and per-
sonality disorders, or for the effects of pharmacological 
interventions.

Some NIRS studies have raised concerns about skin blood 
flow [42, 43]. The results of NIRS may be influenced by 
scalp and skin blood flow, as near-infrared light must pass 
through these tissues to reach the brain [44]. We have not 
addressed this issue in our study, and cannot eliminate the 
possibility that our results might be affected by skin blood 
flow.

Although our results may be considered less reliable due 
to the limitations noted above, we consider the identification 
of personality characteristics of ED from a transdiagnostic 
view rather than a subscale classification to be clinically 
useful. Our findings showed that personality characteristics 
might be associated with cognitive function and ΔoxyHb of 
the prefrontal cortex.

Conclusions

In conclusion, our results show that ΔoxyHb in PFC shows 
no difference between groups, although cognitive perfor-
mance in a relatively challenging task was lower for BD 
patients than HS. This difference might be mere fluctuation 
within an error range. However, a higher tendency toward 
asceticism correlated with a smaller task-induced increment 
in oxyHb.

Our results suggest that the values of cognitive function 
and cognitive ability-dependent PFC hemodynamics may be 
influenced by asceticism values. This study might lead to a 
better understanding of BD in terms of cognitive function 
and personality traits, and may also help develop improved 
therapeutic approaches. Further studies with a larger number 
of subjects are needed for ensuring the results of this study.
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