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Objective This study aimed to investigate the mediation effect of depressive symptoms on the relationship between white matter hy-
perintensities and the basic activities of daily living (BADL) using an integrated approach to overcome the limitations of previous studies
and examine the relationship among the three variables simultaneously.

Methods We performed structural equation modeling using cross-sectional data from 497 Alzheimer’s disease (AD), AD with small
vessel disease, and subcortical ischemic vascular dementia patients enrolled in the Clinical Research for Dementia of South Korea registry
who were diagnosed with mild-to-moderate dementia. Periventricular white matter hyperintensities (PWMHs) and deep white matter
hyperintensities (DWMHs) were visualized separately at baseline using magnetic resonance imaging. Depressive symptoms were assessed
using the Korean Form of the Geriatric Depression Scale at the follow-up assessment conducted after 1 year. BADL were assessed using
the Barthel Index at the follow-up assessment conducted after 2 years.

Results The direct and indirect effects of DWMHs on the BADL as mediated via depression were significant. However, neither the di-
rect effect of PWMHs on the BADL nor the indirect effect of PWMHs on the BADL via depression were significant.

Conclusion This study presented a mediation model that included a longitudinal developmental pathway from DWMH:s to deteriora-
tion in the BADL mediated via depressive symptoms. Moreover, the mediation model of depressive symptoms could not be applied to the

longitudinal developmental pathway from DWMHs to the deterioration in BADL.
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INTRODUCTION

Although the degree of dependence while performing dai-
ly life tasks increases with age, patients with dementia require
more care than those with other age-related chronic diseases.
The level of function in daily life is one of the most important
measures determining disease severity and patients’ indepen-
dence in dementia.' Tools assessing the activities of daily liv-
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ing (ADL) vary from those evaluating basic functional lev-
els*” by grading instrumental and complex task performance
abilities."® The severity of dementia is the most important
variable influencing the decline in the level of daily function,
but other factors such as age, sex, education level, and depres-
sion also have a substantial influence on ADL." Additionally,
white matter changes have been mentioned in previous stud-
ies as an important variable related to the ADL.""

Several previous studies have already proven that late-life
depression bears a substantial correlation with the decline in
cognitive and daily life functions.>'>"" However, the underly-
ing causal pathological relationship is highly complex. De-
pression in old age can cause several disabilities and the as-
sociated factors, and the nature of this relationship is highly
variable.*'*'"" Akin to ADL, cerebrovascular disease is an im-
portant factor related to depression from amongst several po-
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tential common pathological factors.?

White matter hyperintensities (WMHs), which are amongst
the most important factors in cerebrovascular disease, are
known to be associated with depression, cognitive decline,
and deterioration in daily life function.”'* Several studies have
shown that WMHs are significantly associated with the sever-
ity of depressive symptoms (DEP); the greater the severity of
the WMHE at baseline, the higher the probability of the risk
of depression during follow-up.® Additionally, WMHs acts as
preceding factors that significantly predict depression and
deterioration in daily life function."*"* A study of older patients
with depression found an association between subcortical
WMHs and functional impairment.'s Moreover, a longitudi-
nal study of patients with white matter lesions also found a
significant decline in daily life function after one year, based
on a 3-year follow-up.>"

WMHs can be classified as periventricular WMHs (PWM-
Hs) and deep WMHs (DWMHs). PWMHs are attached to
the brain ventricles, while DWMHs are located in the sub-
cortical white matter far from the ventricle."® PWMHs and
DWMHs are different, and stratification of WMHs can pro-
vide valuable information on important pathological aging
processes.” In particular, previous studies have shown that
PWMHs showed a stronger association with cognitive func-
tion compared to DWMHs, while DWMHs showed a stron-
ger association with depression compared to PWMHs.'****!
As observed by previous studies, it is necessary to treat DWM-
Hs and PWMHs as separate entities, because they occur in
different areas. To the best of our knowledge, none of the pre-
vious studies that investigated WMHs with respect to ADL
divided the former into DWMHs and PWMHs. In this study,
we examined the long-term effects of DWMHs and PWMHs
on ADL deterioration.

Furthermore, the significant correlation and causal rela-
tionships between the ADL and depression are well known.?
Mograbi et al.** (2018) also found that dementia was signifi-
cantly related to all types of ADLs, and that the depression
group showed a decrease in ADL. A study with elderly indi-
viduals aged above 60 years found that depression was a sig-
nificant predictor of the decline in the ADL.*

Meanwhile, the relationship between vascular lesions, de-
pression, and dysfunction is complex. Katz** (2004) suggested
that each of these conditions may be the cause or result of dif-
ferent conditions and may be part of related syndromic spec-
trum. Not only do these conditions share common risk fac-
tors but they can also be a part of vascular lesion, depression,
ADL function diseases development. However, to the best of
our knowledge, no study has investigated the mediation ef-
fects of depressive symptoms by simultaneously considering
all three variables (WMHs, depressive symptoms, and ADL)
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in an integrated manner. This is because previous studies have
focused on verifying the relationship between any two vari-
ables instead of using a comprehensive approach, which has
led to limitations in identifying the pathological development
of impairment in daily function mediated by depressive symp-
toms.'****! In addition, large-scale longitudinal studies that
determined the possible mediation of WMHs and ADL by
depressive symptoms in a dementia-specific clinical group are
rare. Therefore, in this study, WMHs, depressive symptoms,
and ADL, which were measured at different time intervals,
were included in the mediation model. This study attempted
to verify causality more rigorously, since cross-sectional stud-
ies are ill-suited for this purpose. The goal of this study was to
explore whether the increase in the severity of WMHs would
also increase the severity of depression and daily life dysfunc-
tions. Examining this aspect in a clinical dementia cohort will
be meaningful in expanding the understanding of the devel-
opmental pathology of dementia beyond currently available
evidence, to emphasize the direct effect of depression on dai-
ly life function.

METHODS

Participants

The Clinical Research for Dementia of South Korea (CRE-
DOS) is a comprehensive epidemiological study of dementia
in Korea. It is a multicenter nationwide cohort study spanning
30 hospitals throughout South Korea, which is funded by the
Ministry of Health, Welfare, and Family Affairs. Consecutive
outpatients who visited the clinics at the CREDOS-afhliated
centers for memory disorders between September 2005 and
June 2010 were included in the study. We included 497 pa-
tients diagnosed with mild-to-moderate dementia from the
CREDOS cohort in the present study. The diagnoses of mild
cognitive impairment and Alzheimer’s disease (AD) were
performed on the basis of diagnostic interviews conducted
by neurologists and psychiatrists. The severity of dementia
was determined using the Clinical Dementia Rating (CDR)
scale, which was assessed by neuropsychologists after obtain-
ing consent to participate in the study. Patients with a CDR
score <3 (0.5, 1, and 2) were included, and those with a CDR
score 23 (3, 4, and 5) were excluded because of the difficulty
to adequately determine the depressive symptoms in such pa-
tients owing to the severe impairment in cognitive function.
All variables were evaluated at baseline, 1-year follow-up, and
2-year follow-up. This study was approved by the Institution-
al Review Boards of all participating hospitals (IRB no. 2012-
26), and written informed consent was obtained from all par-
ticipants and their caregivers after providing a full description
of the study.



We excluded patients with other degenerative etiologies
including idiopathic Parkinson’s disease, diffuse Lewy body
disease, corticobasal degeneration, and progressive supranu-
clear palsy. Patients with clinical evidence of stroke, territory
or strategic infarction, and those exhibiting high-signal ab-
normalities on magnetic resonance imaging (MRI) related to
radiation injury, multiple sclerosis, vasculitis, or leukodystro-
phy were also excluded. The other exclusion criteria were as
follows: 1) patients whose age did not fall within the range of
60 to 85 years; 2) presence of mental retardation; 3) presence
of disorders that could have confounded the participants’ cog-
nitive state, such as untreated thyroid dysfunction, syphilis, or
metabolic encephalopathy; 4) current or past history of neu-
rological or psychiatric illnesses such as schizophrenia, epi-
lepsy, brain tumors, encephalitis, or severe head trauma; and
5) physical illnesses or disorders that could interfere with the
clinical study, such as hearing or vision loss, aphasia, uncon-
trolled diabetes, hypertension, malignancy, or renal disorders.

We included patients with AD and subcortical ischemic
vascular dementia (SIVD). Patients with AD met the proba-
ble AD criteria proposed by the National Institute for Neuro-
logical and Communicative Disorders and Stroke-Alzheim-
er’s Disease and Related Disorder Association.” Patients with
vascular dementia (VD) met the Diagnostic and Statistical
Manual of Mental Disorders-IV criteria.** AD and VD were
diagnosed using interviews conducted by neurologists and
psychiatrists. AD and VD share vascular risk factors,” and
the dichotomization of AD and VD has received considerable
criticism owing to its simplistic nature.” Thus, instead of strat-
ifying patients into the AD or SIVD group, the CREDOS study
devised its own classification system. We reclassified all pa-
tients using two criteria: the degree of cognitive impairment
and subcortical vascular ischemic lesions observed on MRI.
Cognitive impairment was defined using the CDR score. Sub-
cortical ischemic lesion severity was categorized as minimal,
moderate, or severe according to the subcortical ischemic le-
sion rating criteria by combining the DWMH and PWMH
scores. Based on these criteria, patients with CDR scores of
0.5, 1, and 2 were classified into three categories according to
the severity of small vessel disease observed on MRI as fol-
lows: AD, AD with small vessel disease (AD with SVD), and
SIVD, respectively.

Measures

MRI was conducted based on protocol for CREDOS regis-
tration. WMHs were rated using the Fazekas scale.”® Grading
was performed on a three-point scale, such that DWMHs were
rated as 1 (maximum diameter <10 mm), 2 (=10 mm, <25
mm), or 3 (225 mm). Three trained neurologists rated all scans
from all participating centers. The inter-rater reliability of the
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CREDOS WMHs visual rating scale was very high (intraclass
correlation coefficient, 0.726 to 0.905).

Activities of daily living scales

We used the Barthel Index (rating scale: 0-20, the higher
the score the lesser the degree of dependence) for the evalua-
tion of the basic activities of daily living (BADL)* at baseline
and 1-year and 2-year follow-up visits. This caregiver-admin-
istered instrument is designed to measure the BADL. The Bar-
thel Index consists of 10 items, i.e., feeding, personal toilet,
self-bathing, dressing and undressing, getting on and off toi-
let, controlling bladder, controlling bowel, moving from wheel-
chair to bed and returning, walking on a level surface (or pro-
pelling a wheelchair if unable to walk), and ascending and
descending stairs. All items were scored on a 3-point Likert
scale ranging from 0 to 3, with higher scores indicating lower
function.

Depression scales

DEP was assessed at baseline and 1-year and 2-year follow-
up visits using the Korean version of the Geriatric Depression
Scale (KGDS).* The KGDS is a valid and reliable tool for the
assessment of geriatric depression, for which it was designed
specifically. The area under the curve for the KGDS is 0.902
and Cronbach’s alpha is 0.921. In a validation study, 88 outpa-
tients or inpatients aged >55 years or older were assessed us-
ing the KGDS. Depression was diagnosed through a diagnos-
tic interview by two psychiatrists, and the optimal cut-off was
determined to be 17 points, based on the diagnosis.

Statistical analysis

SPSS 22.0 and SPSS Macro Process (IBM Co., Armonk,
NY, USA) were used for statistical analyses. First, Spearman’s
correlation analysis was performed to confirm the relation-
ships between the variables. Subsequently, a four-step regres-
sion analysis method proposed by Baron and Kenny*' (1986)
was employed to indirectly confirm the mediation effect of
the mediator variable to verify whether the independent vari-
able indirectly affected the dependent variable via the media-
tor variable. Thereafter, the statistical significance of the me-
diation effect was directly verified using process model 4, and
the mediation effect was verified using the bootstrap method.
In this study, we adopted the bootstrap method to verify the
mediation effect based on empirical distribution, where the
number of bootstrap samples was 10,000. A bias-corrected
bootstrap confidence interval was used for the bootstrap con-
fidence interval. Conceptually, this method is the same as the
percentile bootstrap confidence interval; however, it is a rela-
tively simple method of modifying the confidence interval by
considering the proportion of estimates whose value is small-
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er than that of the point estimate of the original sample among
the k-mediated effect estimates representing indirect effects.
This method is superior to the bootstrap confidence interval
method. The confidence interval was set to 95%. Based on the
results, if 0 was not included in the 95% confidence interval,
the mediation effect was considered to be significant at a sig-
nificance level of 5%.

RESULTS

Demographics and baseline clinical characteristics are shown
in Table 1. Approximately 60% of the group population was

Table 1. Demographic and clinical characteristics of participants at
baseline (N=497)

Value

Sex

Male 197 (39.6)

Female 300 (60.4)
Age (yr) 70.45+7.28
Education years 9.84+4.98
CDR

05 422 (84.9)

1 68 (13.7)

2 7 (1.4)
AD 39 (7.8)
AD w/SVD 268 (53.9)
SIVD 190 (38.2)
PWMHs

Baseline 1.80+0.88

1y F/U 1.81+0.89

2y F/U 1.84+0.90
DWMHs

Baseline 1.40+0.69

1y F/U 1.41+0.70

2y F/U 1.47%0.75
BADL

Baseline 19.82+0.86

1y F/U 19.71+£1.40

2yF/U 19.55+1.57
DEP

Baseline 13.15+7.24

1y F/U 12.38+7.34

2yF/U 11.98+7.54

Values are presented as meantstandard deviation or number (%).
CDR, Clinical Dementia Rating; AD, Alzheimer’s disease; AD w/
SVD, AD with small vessel disease; SIVD, subcortical ischemic
vascular disease; PWMHs, periventricular white matter hyperin-
tensities; DWMHs, deep white matter hyperintensities; BADL, the
basic activities of daily living; DEP, the severity of depressive symp-
toms; F/U, follow-up
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female. The meantstandard deviation age in the group was
70.45+7.28 years. The meantstandard deviation year of edu-
cation was 9.84+4.98 years. The mean+tstandard deviation
baseline score of PWMHs was 1.80+0.88, DWMHs was 1.40+
0.69, BADL was 19.82+0.86, and DEP was 13.15+7.24. The
meanztstandard deviation 1-year follow-up score of PWMHs
was 1.81+0.89, DWMHs was 1.41+0.70, BADL was 19.71£1.40,
and DEP was 12.38+7.34. The meanztstandard deviation
2-year follow-up score of PWMHSs was 1.84+0.90, DWMHs
was 1.47+0.75, BADL was 19.55+1.57, and DEP was 11.98+7.54.

Correlation analysis between variables

The assumption of normality is satisfied when the absolute
values of skewness and kurtosis do not exceed 2 and 7, re-
spectively.”” As shown in Table 2, the variables used in this
study satisfied the assumption for normality. The Spearman
correlation coefficient was calculated, since the WMHs were
rated on an ordinal scale.

Mediation effects of the severity of depressive
symptoms on the relationship between white matter
hyperintensities and basic activities of daily living

Deep white matter hyperintensities

The effects of DWMHs and DEP on the BADL and the
combined effects of both variables on BADL were verified
(see Figure 1 and Table 3). First, regression analysis was con-
ducted with DWMHs as the predictor variable and DEP as
the criterion variable, to examine the effect of DWMHs on
DEP. The regression coefficient B for this analysis equaled
0.147 (p<0.01); thus, DWMHs exerted a significant influence
on DEP. Second, regression analysis was conducted with
DWMHs as the predictor variable and BADL as the criterion
variable, to examine the effect of DWMHs on the BADL. The
regression coefficient {3 for this analysis was -0.121 (p<0.01);
thus, the effect of DWMHs on the BADL was statistically sig-
nificant. Third, the effect of DEP on BADL retained statistical

Table 2. Spearman correlation between measurement variables
(N=497)

1 2 3 4
1. DWMHs -
2. PWMHs 0.599** -
3. DEP 0.147** 0.084 -
4. BADL -0.121** -0.016 -0.123** -
Skewness 1.451 0.390 0.411 -1.354
Kurtosis 0.590 -1.592 -0.839 3.092

**p<0.01. DWMHs, deep white matter hyperintensities; PWMHs,
periventricular white matter hyperintensities; DEP, the severity of
depressive symptoms; BADL, the basic activities of daily living



significance, while controlling for the effect of DWMHs on
BADL (B=-0.107, p<0.05). Fourth, the effect of DWMHs on
BADL retained statistical significance, even after controlling
for the effect of DEP ($=-0.105, p<0.05).

Subsequently, the mediation effect of DEP on the relation-
ship between DWMHs and BADL was verified directly using
the bootstrap method (Table 4). The analysis revealed that
the non-standardized estimate of the indirect effect was
-0.004, which means that an increase in 1 point in the original
DWMH score increased the original BADL score by -0.004
points via DEP. Moreover, the lower and upper limits of the

-0.105*

DEP

0.147** I

b

Figure 1. Mediation model of the effect of depressive symptoms
on the relationship between DWMHs and cognitive function. The
dotted line represents the covariance between the variables. T1
represents the baseline measurement, T2 the follow-up measure-
ment after 1 year, and T3 the follow-up measurement after 2 years.
The severity of DWMHs in T1, the severity of depression in T2, and
the BADL in T3 were put into the mediated model. *p<0.05; **p<0.01.
DWMHSs, deep white matter hyperintensities; DEP, the severity of
depressive symptoms; BADL, the basic activities of daily living.

Table 3. Regression analysis results (N=497)

HW Jeong et al.

95% confidence interval of the indirect effect non-standard-
ized estimate were -0.042 and -0.002, respectively, and 0 was
not included in the bootstrap confidence interval. This sug-
gests that the indirect effect of DWMHs on the BADL was
statistically significant.

Periventricular white matter hyperintensities

The effects of PWMHSs and DEP on BADL and the com-
bined effects of both variables on the BADL were verified (see
Figure 2 and Table 3). First, regression analysis was conducted
with PWMHs as the predictor variable and DEP as the crite-
rion variable, to examine the effect of PWMHs on DEP. The
regression coeflicient P for this analysis was 0.120 (p<0.01);
thus, PWMHs exerted a significant influence on DEP. Sec-
ond, regression analysis was conducted with PWMHs as the
predictor variable and BADL as the criterion variable to ex-
amine the effect of PWMHs on the BADL. The regression co-
efficient P for this analysis was 0.002 (not significant), and the

Table 4. Indirect effects of depressive symptoms (N=497)

95% CI
Path Effect  BootS.E.
LLCI ULCI
DWMHs > BADL -0.004 0.002 -0.042 -0.002
PWMHs > BADL  -0.028 0.017 -0.078 0.005

All coefficients are non-standardized coeflicient estimates. The ef-
fect size of indirect effect represents the ratio of indirect effect to to-
tal effect. DWMHs, deep white matter hyperintensities; BADL, the
basic activities of daily living; PWMHs, periventricular white mat-
ter hyperintensities; S.E., standard error; CI, confidence interval;
LLCI, ULCI, lower and upper bounds within the 95% CI

v DV B SE. B t R F

1 Sex 1.309 0.699 0.087 1.873
Age DEP -0.102 0.044 -0.101 -2.312* 0.073 12.947+%*
Education -0.294 0.069 -0.199 -4.284%%%

2 Sex 0.213 0.155 0.067 1.375 0.009 1.501
Age BADL -0.010 0.010 -0.046 -1.011
Education 0.025 0.015 0.080 1.647

3 DWMHs 1.549 0.468 0.147 3.306** 0.022 10.932%**
PWMHs DEP 1.008 0.377 0.120 2.674%* 0.086 11.618
DWMHs -0.270 0.100 -0.121 -2.690%* 0.015 7.237%%*
PWMHs BADL 0.003 0.084 0.002 0.037 0.009 1.123
DWMHs -0.235 0.101 -0.105 -2.326* 0,026 -~
DEP -0.023 0.010 -0.107 2.377*
PWMHs BADL 0.031 0.084 0.017 0.370 i
DEP -0.028 0.010 -0.131 -2.814** 0025 2493

*p<0.05; **p<0.01; ***p<0.001. IV, independent variable; DV, dependent variable; B, non-standardized coefficient estimates; S.E., standard er-
ror; B, standardized coeflicient estimates; DEP, the severity of depressive symptoms; BADL, the basic activities of daily livings DWMHs, deep
white matter hyperintensities; PWMHSs, periventricular white matter hyperintensities
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0.017

Figure 2. Mediation model of the effect of depressive symptoms
on the relationship between PWMHs and cognitive function. The
dotted line represents the covariance between the variables. T1
represents the baseline measurement, T2 the follow-up measure-
ment after 1 year, and T3 the follow-up measurement after 2 years.
The severity of PWMHSs in T1, the severity of depression in T2, and
the BADL in T3 were put into the mediated model. **p<0.01. PWM-
Hs, periventricular white matter hyperintensities; DEP, the severity
of depressive symptoms; BADL, the basic activities of daily living.

effect of PWMHs on BADL was not significant. Third, the ef-
fect of DEP on the BADL was significant, while controlling for
the effect of PWMHSs on BADL ($=-0.131, p<0.01). Fourth,
the effect of PWMHs on the BADL was not significant, after
controlling for the effect of DEP (f=0.017, not significant).

Subsequently, the bootstrap method was employed to di-
rectly verify the mediation effect of DEP on the relationship
between PWMHs and BADL (Table 4). The non-standardized
estimate of the indirect effect was -0.028 according to this
analysis, which means that an increase in 1 point in the origi-
nal PWMH score raised the original BADL score by -0.028
points via the severity of depressive symptoms. Additionally,
the lower and upper limits of the 95% confidence interval of
the indirect effect non-standardized estimate were -0.078 and
0.005, respectively, and 0 was included in the bootstrap confi-
dence interval. This suggests that the indirect effect of PWMHs
on the BADL was not significant.

DISCUSSION

The purpose of this study was to ascertain the relationship
among the two types of WMHs (DWMHSs and PWMH), de-
pressive symptoms, and BADL using mediation models and
identify the mediation effects of depression. We generated a
model of both direct and indirect pathways (via depressive
symptoms) between DWMHs/PWMHSs and BADL function
using a process model.

To the best of our knowledge, the current study, unlike its
predecessors, was not limited to exploring the relationship
between two variables (e.g., WMHs—depression or WMHs-
BADL). It is the first study to longitudinally examine the rela-
tionship among three variables and the role of depression as
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a mediator. This current study verified that depression medi-
ates the development of dysfunction in the BADL in patients
with WMHs and dementia, suggesting a pathway that can
predict the pathogenesis of severe depression. Additionally,
this suggests that patients with white matter lesions are likely
to experience depression at some point during the process of
deterioration in daily living function.

Interestingly, the direct effect of DWMHs on the BADL and
their indirect effect via depressive symptoms were both sig-
nificant, and both were insignificant in the case of PWMHs.
Specifically, the indirect effect of DWMHs on the BADL via
depression was significant, whereas the indirect effect of
PWMHs on the BADL via depression was not significant.
First, the significant indirect effect of DWMHs on the BADL
mediated via depression suggests that patients undergoing
alterations in the DWMHs leading to worsening of the BADL
may experience depressive symptoms. The results of this study,
which showed that depressive symptoms mediate the path-
way leading to functional impairment due to DWMHs, pro-
vide an understanding of the nature of the depressive symp-
toms experienced by patients with dementia. In other words,
considering that impairment in daily living function is an im-
portant component of dementia, and the results of this study
are in line with the argument that depressive symptoms should
be considered as prodromal symptoms for dementia.”*** On
the other hand, our results suggest that the problems of pa-
tients with depression are not limited to emotional distress,
but may also include the possibility that depression may lead
to impairment in the performance of daily activities. This in-
dicates the need to consider the possibility that elderly pa-
tients suffering from depressive symptoms in clinical settings
have dementia with imminent functional impairment. Fur-
thermore, after 2 years of follow-up, the direct effect of DWMH
on the BADL retained statistical significance, after controlling
for the effect of depressive symptoms on the BADL. This sug-
gests the possibility that not only depressive symptoms but
other mediator variables can also sufficiently contribute to the
decline in basic daily life function. In other words, variables
not considered in this study, such as decreased memory and
cognitive function, including impaired concentration (as ob-
served in previous studies), can also be predictive factors for
the decline in the BADL in elderly patients with dementia.”®
Second, this study showed that both the direct effect of PWM-
Hs on the BADL and indirect effect of PWMHs on the BADL,
as mediated via depression, were not significant. Since little is
known about the differential effects of specific WMHs on
BADL, these results, which showed that only the pathway
from DWMHs to BADL, and not PWMHs, had a significant
mediation effect on depression, may not be explained ade-
quately. Nevertheless, the analysis of these results from a neu-



rostructural perspective reveals that ischemic SVD, a known
risk factor for depression, possesses a stronger association
with DWMHs than that with PWMHs. On the other hand,
PWMHs are known to be mainly affected by chronic hemo-
dynamic insufficiency, including hypotension and atrophy.
This suggests that DWMHs have a stronger association with
depressive symptoms originating from SVD than PWMHs.
Therefore, although it may be difficult to consider that impair-
ment in daily living function is directly related to specific areas
of the brain, it is plausible that only the pathway from DWMHs
to BADL is mediated significantly via depressive symptoms.
However, further studies focusing on specific neural pathways
and regions are needed to elucidate the effect of region-specif-
ic WMH on BADL.

Although previous studies have shown that WMHs have a
significant effect on the decline in daily living function, no
study has investigated whether it is longitudinally associated
with depressive mediation for BADL. Moreover, only a few
studies have examined both lesions by classifying WMHs into
two subtypes. This study is the first to report that not only
DWMHs but PWMHs also longitudinally affect the BADL
through depressive symptoms. On the other hand, this study
found that the indirect effect of PWMHs on the BADL me-
diated by depression was not significant, which is in line with
the results of previous studies that found that the mediation
effect of depression on PWMHs and cognitive function was
not significant.”** Previous studies have only investigated the
direct effect or relevance of DWMHs or PWMHs with respect
to depression, or depression with respect to BADL; however,
this study also examined the indirect effects mediated by de-
pression. Moreover, it sought and verified a clear develop-
mental pathway by accumulating two years of longitudinal
data. Previous studies set independent variables as a single
factor without dividing WMHs into subtypes. In this study,
not only DWMHs but also PWMHs were set as independent
variables to explore various relationships between the vari-
ables.*"” Our study also investigated whether white matter le-
sions mediated depressive symptoms in the process of affect-
ing the BADL, whereas previous studies only investigated
whether the effects of white matter lesions on BADL were mod-
ulated by depressive symptoms.*"* In other words, the current
study found that white matter lesions were predictive of BADL
dysfunction, akin to previous studies, while offering an im-
portant and new perspective supported by a longitudinal in-
vestigation of the role of depressive symptoms (which was not
reported by any prior study). By discovering a longitudinal
pathway from white matter lesions through depressive symp-
toms to the development of dementia, the findings of this
study expand the understanding of the developmental pa-
thology of dementia beyond existing evidence. Furthermore,

HW Jeong et al.

since the sample population of this study was relatively large,
including those with AD and AD with SVD, its results can be
applied to patients with VD. Further studies focusing on spe-
cific routes and regions are needed to explain the effects of
specific WMHs.

This study has several limitations. First, cognitive decline,
another key feature of dementia, was not evaluated in this
study. Studies involving variables such as cognitive dysfunc-
tion and ADL decline are warranted to accurately verify the
pathogenetic pathway from the WMHs to dementia through
depression. Second, although the large sample size can be
considered to have contributed to the significance of the cur-
rent results, it may overestimate the actual effect. To compen-
sate for this overestimation, the significance and effect size
were calculated. It should also be considered that large sam-
ple sizes can improve statistical power and provide reliable
and repeatable results. Finally, this study assessed the severity
of depression on a continuous basis instead of a diagnosis of
major depressive disorder. Therefore, further research is need-
ed to determine whether these results are also applicable to pa-
tients with clinical depression.

This study presented a mediation model that yielded im-
portant information on the respective pathological pathways
connecting two types of WMHs with depressive symptoms,
and BADL function beyond the framework of previous re-
search. This study presented a mediation model including a
longitudinal developmental pathway from DWMHs to BADL
through depressive symptoms. It also found that the mediation
model via depressive symptoms could not be applied to the
longitudinal developmental pathway from DWMHs to BADL.
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