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Abstract
End-stage renal disease patients are usually accompanied by abnormalities in white matter
microstructure. However. Whether WM changes are different from prior studies and the correlation
between the abnormal WM structure and emotion regulation strategies and coping characteristics in
elderly ESRD patients remain unclear. Twenty-eight patients and twenty-eight healthy controls (HC) were
included in our study. We used Tract-based spatial statistic (TBSS) to investigate the microstructural
changes of WM. Emotional Regulation Questionnaire (ERQ) and the Simple Coping Style Questionnaire
(SCSQ) were used to measure emotional regulation strategies and coping styles. Our study revealed the
damage of WM structure was widespread and there were differences in emotional regulation strategies
and coping styles compared elderly ESRD patients with HC. Furthermore, positive coping style and
cognitive reappraisal are signi�cantly correlated with changes in WM microstructure. Mediating analysis
showed that the mean diffusivity (MD) of the signi�cantly different brain regions played a complete
mediating role between group and positive coping style. Taken together, our results may provide a new
diagnostic marker to explore the characteristics of WM damage, emotion regulation and coping style in
elderly ESRD patients during hemodialysis.

Introduction
End-stage renal disease (ESRD) is a syndrome involving multiple organ failure and requires continuous
renal replacement therapy. Maintenance hemodialysis can remove the retained metabolites, toxins, water
and electrolytes in patients with ESRD, then return the puri�ed blood to the body. However, hemodialysis
could not completely remove the medium and macromolecular toxins in patients (Cobo et al., 2018). With
the aging of population, the development of economic level and the increase of human life expectancy, it
is not di�cult to predict that the number of elderly patients who maintain hemodialysis will gradually
increase.

Destruction of white matter (WM) integrity in ESRD patients has been extensively veri�ed (Chou et al.,
2013; Chou et al., 2019; Drew et al., 2017; Liu et al., 2020; Richerson et al., 2021). However, whether WM
structural abnormalities in elderly ESRD hemodialysis patients are consistent with prior studies has not
been veri�ed. Tract-based spatial statistics (TBSS) method was used in our study to analyze four
parameters of WM that is radial diffusivity (RD), axial diffusivity (AD), mean diffusivity (MD) and
fractional anisotropy (FA) to further explore the changes of WM microstructure in elderly ESRD
hemodialysis patients.

Emotional regulation is relatively stable. It is a dynamic process of monitoring and regulating internal
emotional processes and external behaviors to adapt to external situations and interpersonal
relationships (Gross & Muñoz, 1995). The occurrence of emotional dysregulation in ESRD patients may
interfere with their behavior, cognitive and social functions and accelerate the disease process. Gross
found that cognitive reappraisal and expression suppression were most effective and commonly used
emotion regulation strategies (Cotter et al., 2020). Expression suppression is more tend to be used by high
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anxiety people to regulate their emotions (Decker et al., 2008). Anxiety, depression and other negative
emotions are very common to see in ESRD patients. Are there any differences in emotional regulation
strategies in elderly ESRD hemodialysis patients compared with healthy elderly? This forms one of our
hypotheses.

Existing evidence indicates that WM microstructures are involved in the pathophysiology of the entire
spectrum of mood disorders (Yip, 2013). When WM is damaged, both mood and cognition are affected.
Changes in FA values within the WM �ber tracts have been observed in patients with schizophrenia,
depression, autism, obsessive-compulsive disorder and attention de�cit disorders. Li et al. (2020) found
that WM changes are accompanied by emotional disorders (Li et al., 2020). So studying WM integrity is
the key to understanding the biological basis of emotional disorders.

Coping styles are stable across contexts (Bartholomew & Horowitz, 1991) and robust in predicting
depressive symptoms and mental function (Arnett et al., 2002; Rabinowitz & Arnett, 2009; Ukueberuwa &
Arnett, 2014). Coping style can regulate the relationship between brain microstructure integrity and
emotion. Individuals' emotional regulation strategies can also affect their psychological harmony through
coping style. Proper emotion regulation strategies and coping styles can promote health and thereby limit
the adverse effects of prolonged dialysis (Barberis et al., 2017). There are growing evidences that
emotional and behavioral symptoms are related to the changes in WM microstructure (Greenberg et al.,
2021; Wier et al., 2019). The cognitive reappraisal strategy focuses on the emotion generation process
before the emotional response begins. Expression suppression care about inhibits emotional response
behavior (Gross & John, 2003). Therefore, we hypothesized that emotional regulation strategies and
coping styles are associated with the changes in WM microstructure and tried to determine the mediating
role of WM.

Materials And Methods

Study population
We collected 32 elderly ESRD maintenance hemodialysis patients in Geriatric Hospital of Nanjing Medical
University. Inclusion criteria for the ESRD group are as follows:  Meeting the diagnostic criteria of the
National Kidney Foundation (NKF) K/DOQI grading ESRD;  The patient should be over 60 years old when
starting dialysis. Regular and routine hemodialysis was performed 3 times a week at least 3.5 hours each
time, receiving hemodialysis for more than 3 months; All patients underwent biochemical tests to assess
renal function before MRI scan and have complete clinical and laboratory data;  Right-handed. Healthy
controls were recruited inclusion criteria include:  Age 60 years old and above with normal hearing, vision
and mental state;  No kidney disease and other serious underlying diseases;  Right-handed. Exclusion
criteria:  patients with acute renal failure and kidney transplantation. Two groups were o taboo of MR
scan.  mental disorder, substance abuse or any brain injury, such as stroke or tumor. 28 subjects were
�nally included in both groups. All participants were asked to complete the Emotional Regulation
Questionnaire (ERQ) and the Simple Coping Style Questionnaire (SCSQ). ERQ includes two types of
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emotional regulation strategies that is cognitive reappraisal and expression suppression. SCSQ includes
two dimensions: positive coping style and negative coping style.

MRI protocol
The MR data were acquired at a PHILIPS Ingenia 3.0 T MR imaging system with 16-channel head and
neck joint coil. Tell participants keep your eyes closed during the scan but do not fall asleep. Each
subject’s T2WI, T2-FLAIR, T1WI and DWI images were sequentially collected and these images were used
to diagnose the presence of acute or non-acute lesions in the brain. The single-excitation spin echo plane
imaging sequence was used for DTI scanning. FOV = 224 mm × 224 mm, matrix = 112 × 109, TR = 7903
ms, TE = 98 minimum. layer thickness = 2.0 mm, continuous scanning without slice gap and the number
of scanning layers is 60. �ip angle = 90o, voxel size = 2 × 2 × 2 mm3, 2 mm slice thickness, and the
number of diffusion sensitive gradient direction is 24 plus 1 image of B0 without diffusion weighting; B = 
0, 800s/mm2; The single scanning time is 7 min 33 s.

Image Analysis
All DTI images are process by an integration tool called PANDA (Version1.3.1, Published in 2016) (Cui et
al., 2013). Firstly, data preprocessed start from image format converted that is DICOM image was
converted to NIFTI �le. Then, the redundant part of the image was cropped and the eddy current/ motion
correction was made to eliminate the deformation. Next, the brain extraction was carried out to remove
the threshold of non-brain tissue at 0.25 and obtain the brain mask. Next, the DTI tensor is calculated and
the related scalar indices of FA, MD, AD and RD are obtained simultaneously. Finally, the diffusion index
Space is normalized to 1 mm × 1 mm × 1 mm Montreal Neurological Institute (MNI) 152 Space. TBSS
analysis was continued in PANDA and the FA white matter skeleton and average FA image were
constructed. The threshold of average FA skeleton was 0.2 by default. GML set up in FSL was used to
design the matrix and then each participant’s registered FA, MD, AD and RD images were projected onto
the average FA white matter skeleton.

Statistical Analysis
Demographic, biochemical and psychometric data were analyzed by IBM SPSS Statistics 25.0 for
Windows. The differences in age, positive coping style, negative coping style, cognitive reappraisal and
expression suppression between ESRD patients and HC was compared by the independent sample T test
after the normal test. P < 0.01 (two tail) was considered statistically signi�cant.

TBSS Statistics was used to analyze neuroimaging differences between the two groups. First, higher-level
design was performed to design matrix and then 5,000 times permutation tests were performed to
compare the differences between FA, MD, RD and AD between two groups. Next, threshold free cluster
enhancement (TFCE) was used to multiple comparisons and control for FWE. The results with a
signi�cant threshold P less than 0.01 were reported. Skeleton regions of the salient areas were labeled by
Johns Hopkins University (JHU) White-matter Tractography Atlas.
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Spearman correlation analysis was used to discover the two groups correlation between mean FA, MD,
AD, RD values and cognitive reappraisal, expression suppression positive coping and negative coping
(FWE correction) after extract the mean FA, MD, AD, RD values where exist brain regions differences.
Finally, we used the SPSS (PROCESS Version 3.3 Model 4) to conduct mediation analysis to test cognitive
reappraisal and positive coping at the same time to explore whether the differences between the two
groups were affected by the mean RD, AD, MD and FA of different brain regions. The threshold of
statistical signi�cance level was set as P < 0.01 (FWE corrected).

Results

Demographic and Psychometric Data
Demographic, biochemical and psychometric results of all subjects are shown in Table 1. There were no
signi�cant differences in gender, age and expression inhibition score between two groups (P > 0.05). The
average dialysis time of elderly ESRD hemodialysis patients was 6.7 ± 6.7 years, the mean eGFR was 5.2 
± 2.1 mL/min/ 1.73 m2 and the dialysis e�ciency was 1.4 ± 0.2 (kt/v). However, there were signi�cant
differences in positive coping, negative coping style and cognitive reappraisal scores between the two
groups (P < 0.01).

Comparison Four parameters of White Matter Between the
Two Groups
Figure 1 shows FA decreased in almost all WM areas and MD, AD and RD widespread increased in elderly
ESRD hemodialysis patients compared with the HC. FA, AD and RD had only one cluster with great
difference at 0.01 signi�cant threshold after FWE correction. The brain areas with signi�cant differences
in FWE corrected MD showed 1 cluster and the differences were at the whole brain level when the
threshold was set to 0.95. However, two different clusters appeared and these two clusters were large,
spanning a total of 20 �ber bundles when the threshold value was set to 0.99. Our �ndings to enhance
the integrity of the study considered the possibility that the length of dialysis time may affect the WM
microstructure changes in elderly patients with ESRD. 14 patients in each group after divided the elderly
ESRD patients into two groups with 5 years of dialysis as the cut-off point. The group of patients were
still matched by gender and age after grouped. No inter-group differences were found in the four
parameters of DTI after compared and corrected using the same TBSS process approach. To be speci�c,
FA, MD, RD and AD have no difference between two groups at threshold of 0.01 and 0.05 after FWE
correction. This possible due to the small sample size of patients after partitioning.

Correlation and Mediation Analysis
FA was decreased in almost all WM areas while AD and RD were increased in elderly ESRD hemodialysis
patients. we extracted the mean values of discrepant brain regions and exported them to SPSS to assess
whether these brain differences in the two types of emotion regulation strategies (expression suppression,
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cognitive reappraisal) and two coping styles (positive coping, negative coping styles) have effects. Since
the two signi�cant regions clusters of MD were large and spanned 20 �ber bundles, we averaged the two
signi�cantly different WM regions values and correlated them with the above variables (Table 2).
Spearman's analysis showed that the mean FA, MD, RD, AD in the differential brain regions were positively
correlated with cognitive reappraisal and positive coping (the signi�cance level was P < 0.01, FWE
corrected) and the mean FA, MD, RD, AD in differential brain WM regions were not signi�cantly correlated
with expression suppression and negative coping.

The mediating model showed that the mean FA, MD, AD and RD of signi�cantly different brain regions
had no mediating effect between the group and cognitive reappraisal. Similarly, the mean FA, AD and RD
of the differential brain regions did not mediate the relationship between the group and the positive
coping styles but the mean MD of the differential brain regions fully mediated the relationship between
the group and the positive coping styles (Fig. 2).

Discussion
This study investigated 28 elderly ESRD maintenance hemodialysis patients and 28 HC. According to
what we know, our study is the �rst to use the TBSS method to explore elderly ESRD patients WM
microstructural changes and try to determine the relationship between WM abnormalities in emotional
regulation and coping styles. Our results showed that FA was signi�cantly reduced and MD, RD and AD
were generally increased in almost all WM regions in elderly ESRD maintenance hemodialysis patients
compared with HC, indicating that the integrity and density of WM �ber tracts and myelin integrity were
damaged.

we found that elderly ESRD patients FA value in the whole brain decreased signi�cantly which was
slightly different from previous studies. Most previous studies have shown decreased FA in most brain
regions in patients with ESRD (Kong et al., 2014; Schaier et al., 2021; Yin et al., 2018) rather that the whole
brain FA. We speculated that this might be caused by factors of end-stage renal disease itself. The
increase of MD can indicate the reduction of dendrites and the simpli�cation of brain microstructure (Li et
al., 2016), MD widespread increase indicates that the water molecules movement in the brain tissues of
patients is less restricted. This indicated that diffuse interstitial cerebral edema may exist which is
supported by some previous studies (Chen et al., 2007; Kong et al., 2014). Alexander et al. (2007) pointed
out that AD and RD can provide more detailed indicators of water diffusion direction than MD (Alexander
et al., 2007), so we included AD and RD in our assessment of WM abnormalities in elderly ESRD
hemodialysis patients. The increase of AD was associated with axon injury or nerve �lament injury,
suggesting gliosis. The increase in RD is related with obstructing myelination or demyelination. The
limitation on the diffusion of water molecules along the short axis is reduced when myelin is damaged.
Our study results showed that AD and RD were generally increased indicated that axon damage and
myelin formation were obstructed in elderly ESRD hemodialysis patients. These results con�rm our
hypothesis that the WM damage is different in elderly ESRD hemodialysis patient and theirs’ WM injury
more widespread.
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The elderly are more accustomed to adopt cognitive reappraisal with relatively little expression
suppression strategy due to they pay more attention to the emotional well-being (Winecoff et al., 2011).
The elderly ESRD patients were signi�cantly different from HC in cognitive reappraisal in this study. There
was no obvious difference in expression suppression which may be related to the cultural speci�city of
expression suppression (Schimmack et al., 2002). Eastern cultural background encourages suppress
negative emotion expression (Butler et al., 2007; Soto et al., 2011). We found signi�cant differences in
positive and negative coping style scores between the two groups by compared with elderly ESRD
hemodialysis patients with HC. This may be due to the prevalence of negative emotions such as anxiety
and depression in ESRD patients during prolonged dialysis (Al-shammari et Al., 2020; Brito et al., 2019)
resulted in coping styles differences between the two groups. In addition, the use of emotional regulation
strategies will affect the style they cope with problem situations.

We analyzed the correlation between four DTI parameters and the two emotional regulation strategies
and the two coping styles in elderly ESRD hemodialysis patients respectively after extracted the mean FA,
MD, RD and AD in the signi�cant different brain regions. The results showed that the signi�cant brain
regions mean FA, MD, RD and AD were positively correlated with cognitive reappraisal and positive coping
style (signi�cant threshold was 0.01, FWE corrected). There was no signi�cantly different between the
four DTI parameters of WM with expression suppression and negative coping style by correction analysis
after FWE correction. This suggests that the changes in WM microstructure not only affect the
physiological aspects of elderly ESRD patients but also in�uence some coping style (such as positive
coping) and emotional regulation strategies (such as cognitive reappraisal).

Finally, the mediating analysis showed that the mean FA, MD, AD and RD of the signi�cant difference
brain regions had no mediating effect on the emotional regulation strategies of cognitive reappraisal in
elderly ESRD patients and HC. This is inconsistent with our hypothesis. Though we believe that WM
matter damage is strongly associated with emotional and cognitive impairment but it may be that
emotion regulation strategies involves a more complex aspect as it requires monitoring of the internal
and external processes of emotion. FA, AD and RD of the discrepant brain regions did not mediate the
positive coping style between elderly ESRD patients and HC but MD played a full mediating role between
them. To some extent, this indicates that su�cient attention should be paid to the hydrocephalus in
elderly ESRD patients in clinical diagnosis because the changes in WM are involved in the active coping
style of individuals.

Our current study has several limitations. Firstly, the sample size is small and a larger sample should be
recruited in future studies. Second, our patients are only elderly ESRD maintenance hemodialysis patients
excluded peritoneal dialysis and non-dialysis elderly ESRD patients, so the results are di�cult to be
generalized to other elderly ESRD population. In addition, individuals' choice of coping styles and emotion
regulation strategies is diverse and our questionnaires involves few coping styles and emotion regulation
strategies. Further detailed measurements should be made to comprehensively assess coping styles and
emotional regulation strategies in elderly ESRD patients.
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Conclusion
In conclusion, we found that the decrease of FA and the increase of MD, AD and RD were signi�cantly
correlated with expression suppression, cognitive reappraisal and positive coping style in elderly ESRD
patients through the multi-parameter changes of DTI, ERQ and SCSQ were evaluated. The changes of WM
microstructure, especially the increase of MD, played an important role in the positive coping style of
elderly ESRD patients. From the perspectives of pathology and psychology, this study revealed that there
was a correlation between the changes of WM and coping style in elderly ESRD hemodialysis patients,
which not only provided strong evidence for the abnormal theory of WM in elderly ESRD patients but also
highlighted the psychological characteristics of emotional regulation strategies and coping style in elderly
ESRD patients.
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Tables
Table 1

Demographics, clinical characteristics and psychometric data of elderly ESRD maintenance hemodialysis
patients and HC.

Variables HC ESRD P-Value

Sex (M/F) 28/14 28/14 --

Age(±SD) 70.0 ± 6.0 71.4 ± 7.2 = 0.421

Dialysis duration (Y) -- 6.7 ± 6.7 --

eGFR (mL/min/1.73m2) -- 5.2 ± 2.1 --

Dialysis e�ciency (kt/v) -- 1.4 ± 0.2 --

Positive coping 24.3 ± 6.3 15.8 ± 7.1 < 0.001

Negative coping 9.9 ± 4.1 6.8 ± 2.8 = 0.002

Cognitive reappraisal 32.9 ± 3.5 23.4 ± 6.0 < 0.001

Express inhibition 16.3 ± 5.8 15.6 ± 5.0 = 0.665

Values are represented as mean ± SD.

ESRD = end stage renal disease; HC = healthy controls; eGFR = estimated glomerular �ltration rate.

The P value for age and psychometric tests difference between patients and health chontrols was
obtained by independent samples t test.

Table 2 The correction coe�cient showing corrections between mean FA, MD, AD, RD values of
signi�cantly different WM regions and ages, ERQ test, SCSQ tests in elderly ESRD hemodialysis
patients and HC.

Variables Age Cognitive
reappraisal

Express
inhibition

Positive
coping

Negative coping

FA -0.378 0.593** 0.301 0.532** 0.212

MD -0.370 0.570** 0.266 0.548** 0.235

AD -0.357 0.548** 0.277 0.515** 0.139

RD -0.369 0.587** 0.290 0.529** 0.195

ERQ = emotion regulation questionnaire; SCSQ = simpli�ed coping style questionnaire.
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Figures

Figure 1

Results of RD, AD, MD and FA in elderly ESRD patients (N = 28) compared with HC (N = 28) based on
whole-brain comparisons. The standard MNI 152 brain template is the background of the image. The
mean FA skeleton for two groups is shown in green and blue voxels represent reduced FA of brain regions
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in elderly ESRD patients (TFCE for multiple comparisons and control for FWE, P < 0.01). Signi�cant
increased MD of brain regions (TFCE for multiple comparisons across space with signi�cant, P < 0.01,
FWE corrected) are shown in yellow. Red voxels and violet voxels represent increased AD and RD of brain
regions in elderly ESRD patients respectively (TFCE for multiple comparisons and control for FWE, P <
0.01).

Figure 2

Mediating analysis suggested that the mean MD of signi�cant brain regions fully mediated the
relationship between the group and positive coping styles. The P value is corrected by FWE. CI:
con�dence interval.


