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Abstract. - OBJECTIVE: Nowadays, there
are still some doubts about the etiology, devel-
opment, and preventive measures of white mat-
ter lesions. This research collected patient infor-
mation in the Dryad Digital Repository database
to identify predictors of patients with white mat-
ter lesions.

PATIENTS AND METHODS: We studied pa-
tients who underwent head MRI and blood tests
during comprehensive physical examinations at
Shin Takeo Hospital, Japan, between April 1,
2016, and October 30, 2017. We screened pa-
tients over the age of 60 and investigated white
risk factors in material lesions in older patients
and, randomly assigning patients to training and
validation groups, we built nomograms on the
basis of the training group and used other group
data to verify its accuracy and consistency.

RESULTS: A total of 854 patients were includ-
ed in this study. Multivariate analysis was per-
formed according to the data before randomiza-
tion, and the results showed that the age of pa-
tients (OR=2.81, 95% CI: 1.74-4.54), high-density
lipoprotein (OR=1.31, 95% CI: 1.02-1.68), diastol-
ic blood pressure (OR=1.47, 95% ClI: 1.04-2.08).

Taking antihypertensive drugs (OR=1.78, 95%
Cl: 1.21-2.66) was significantly associated with
white matter lesions. The area under the curve
value (AUC) was 0.625 for the training group and
0.729 for the validation group. The clinical im-
pact curve and calibration curve show that the
model has good accuracy and clinical applica-
tion value.

CONCLUSIONS: Age, high-density lipopro-
tein (HDL), diastolic blood pressure (DBP), and
the use of antihypertensive drugs are closely re-
lated to white matter lesions. Furthermore, our
model may be a useful tool for predicting the in-
cidence of white matter lesions.
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Introduction

Cerebral white matter lesions are a relatively
common neurological disease, mainly in the
elderly, but it can also occur in young patients,
and the incidence increases with age'. Brain
magnetic resonance imaging (MRI), visible
white matter lesions (WML) exhibit hyperin-
tensity during t2-weighted or fluid-attenuat-
ed inversion recovery (FLAIR) acquisitions in
healthy older adults®?. Little is known about the
pathogenesis of WML. To date, most studies
have shown that age, hypertension, diabetes,
and a history of stroke or heart disease are
the most important factors associated with the
presence of white matter lesions®. The mecha-
nisms of white matter degeneration have been
discussed by some scholars®”, who believe that
vascular factors play a role in the development
and progression of the disease have positive
effects such as atherosclerosis and unstable ca-
rotid plaques. Many researchers"®° have found
that hypertension is a major risk factor for ce-
rebral small vessel ischemic disease, especially
the development of white matter lesions. Other
researchers'™!! have found that white matter
lesions are an independent risk factor for cog-
nitive decline and are closely related to the
development of stroke.

To date, no studies have focused on establish-
ing clinical prognostic models of white matter
lesions. Through research on real-world popula-
tions, we have established a clinical prognostic
model of white matter lesions for the first time,
aiming at early detection of high-risk groups of
white matter lesions, in order to achieve early
detection, early intervention, and early treatment.
This has important clinical implications for pa-
tients with white matter lesions.
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Patients and Methods

Study Participants

The data we researched from Shin Takeo Hos-
pital in Japan who underwent head MRI and blood
tests during a comprehensive medical examination
from April 1, 2016, to October 30, 2017 (Figure
1). We selected patients older than 60 years to
investigate risk factors for white matter lesions in
elderly patients. All patients underwent head MRI
examination at Shin Takeo Hospital; information
on blood biochemical examination and basic liv-
ing habits, such as smoking and drinking, were
collected.

Study Measures

We recorded general information on patients,
including gender, age, body mass index, diastolic
blood pressure, systolic blood pressure, carotid
plaque score (PS). The blood biochemical exam-
ination mainly included high-density lipoprotein
cholesterol, low-density lipoprotein Cholesterol,
LH ratio (quotient of LDL and HDL), hemoglo-
bin Alc (HbAlc), Triglyceride (TG), and blood
glucose level (BS). Basic questions were: the
frequency of smoking and drinking, the use
of antihypertensive drugs, hypoglycemic drugs,
and lipid-lowering drugs. All patients underwent
head MRI examinations in Shin Takeo Hospital.
According to the results of MRI, the patients were
divided into white matter lesion group and non-
white matter lesion group, and the two groups of
patients were studied whether the above factors
were statistically different.

[ Total number of patients:n=1904 ]

Patients with white matter
lesions(n=1044)

patients without white

matter lesions(n=860)

DJ

Exclude patients younger than 60 years

n=681 n=173

Figure 1. Flowchart of patients’ selection.
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Statistical Analysis

All statistical analyses were performed with
version R4.1.0. Comparisons between continu-
ous variables were performed using the #-test,
while categorical variables were performed us-
ing the Chi-square test. p-values lower than 0.05
were considered statistically significant. In the
univariate analysis, the meaningful variables
are selected and used to establish the logistic
regression model. Finally, the clinical accuracy
and clinical practical value of the model were
evaluated.

Results

Basic information for the study population
(n=854, years older than 60) is presented in
Table 1. The average age of patients was 65.67
years in non-white matter lesions patients and
67.27 in white matter lesions patients; 44.8%
(n=383) of the participants were male, while
55.2% (m=471) were female. In the question-
naire, 89.7% (n=766) of patients have the habit
of smoking, among these people 152 in non-
white matter lesions group, 614 in white matter
lesions group. In terms of drinking, most people
drink less than 180 ml (n=639), which accounts
for 74.8% of the total. In the specific health
of examination questionnaire, medications to
reduce blood pressure showed significant differ-
ences in the two groups, but in insulin injection,
medication to reduce a level of cholesterol and
in metabolic syndrome aspects, the differences
were not significant. In the blood biochemical
examination, there were significant differences
in high-density lipoprotein cholesterol (HDL),
triglyceride (TG). But the differences were not
significant in low-density lipoprotein choles-
terol (LDL), LH (quotient of LDL and HDL),
and HbAIc (hemoglobin Alc). It was surprising
that although the average value of carotid artery
plaque score (PS) and the number of plaque
(N_plaque) in the white matter lesion group was
greater than that in the non-white matter lesion
group, but the difference was not statistically
significant.

We used univariate analysis to select sta-
tistically significant study factors: Age, HDL,
TG, SBP, DBP, Red bp med, PS, N plaque.
Multivariate analysis was then used to remove
the effect of confounding factors. Finally, four
meaningful factors (Table II) were screened out
and included in our clinical prediction mod-
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Table I. Patients’ demographics.

N\WY/ML XML
Total number (%) 173 681 P

Age 65.67 +3.81 67.27 +3.99 <0.001
Gender 0.62

Male 383 (44.8%) 81 (46.8%) 302 (44.3%)

Female 471 (55.2%) 92 (53.2%) 379 (55.7%)
Smoking 0.45

No 766 (89.7%) 152 (87.9%) 614 (90.2%)

Yes 88 (10.3%) 21 (12.1%) 67 (9.8%)
Drink_qt 0.80

<180 ml 639 (74.8%) 127 (73.4%) 512 (75.2%)

180-360 ml 160 (18.7%) 32 (18.5%) 128 (18.8%)

360-540 ml 44 (5.2%) 11 (6.4%) 33 (4.8%)

> 540 ml 11 (1.3%) 3 (1.7%) 8 (1.2%)
Drink habit 0.28

Rarely 431 (50.4%) 93 (53.7%) 338 (49.6%)

Sometimes 202 (23.7%) 33 (19.1%) 169 (24.8%)

Everyday 221 (25.9%) 47 (27.2%) 174 (25.6%)
LDL 123.05 + 31.65 188.46 £ 29.72 0.47
HDL 59.90 + 13.28 62.89 + 15.48 0.020
LH 215+0.71 2.04 +0.69 0.052
TG 112.94 + 69.43 102.44 £+ 57.56 0.041
HbAIlc 5.89 +£0.55 5.92 +0.59 0.65
BS 105.97 + 18.02 106.08 +17.88 0.94
SBP 125.50 = 11.83 129.25 £ 19.31 0.022
DBP 71.77 +11.83 74.17 £ 11.66 0.016
PS 144 +1.93 1.82 £2.50 0.062
N_plaque 0.82+1.02 1.02 +1.26 0.054
BMI 23.11+3.11 22.98 +3.29 0.63
Red bp med 0.001

No 527 (61.7%) 126 (72.8%) 401 (58.9%)

Yes 327 (38.3%) 47 (27.2%) 280 (41.1%)
Insulin 0.16

No 751 (87.9%) 158 (91.3%) 593 (87.1%)

Yes 103 (12.1%) 15 (8.7%) 88 (12.9%)
Red cho med 0.070

No 638 (74.7%) 139 (80.3%) 499 (73.3%)

Yes 216 (25.3%) 34 (19.7%) 182 (26.7%)
Metabolic 0.41

No 613 (71.8%) 131 (75.7%) 482 (70.8%)

Reserve 86 (10.1%) 14 (8.1%) 72 (10.6%)

Yes 155 (18.1%) 28 (16.2%) 127 (18.6%)

PS: plaque score, Drink qt: amount of drinking per day, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, LH:
LDL/HDL, TG: triglycerides, HbAlc: hemoglobin Alc, BS: blood glucose level, SBP: systolic blood pressure, DBP: diastolic
blood pressure, N_plaque: plaque number, Red bp med: medication to reduce blood pressure, Red cho med: medication to
reduce a level of cholesterol.

Table II. Multivariate analysis.

Variables OR (95% Cl) P
Age 2.81 (1.74, 4.54) <0.001
HDL 1.31 (1.02, 1.68) 0.036
TG 0.91 (0.78, 1.05) 0.19
SBP 0.89 (0.65, 1.23) 0.49
DBP 1.47 (1.04, 2.08) 0.027
Red bp_med 1.78 (1.21, 2.66) 0.0076
PS 0.98 (0.49, 1.97) 0.97
N_plaque 1.23 (0.48.3.17) 0.67

el: age (OR=2.81, 95% CI. 1.74-4.54), HDL
(OR=1.31, 95% CI:1.02-1.68), DBP (OR=1.47,
95% CI: 1.04-2.08) and Red bp med (OR=1.78,
95% CI: 1.21-2.66).

Construction of Clinical Prediction Model

Patients in this research were randomly divid-
ed into a validation group (n=173) and a training
group (n=681), as shown in Table III. There
was no significant difference between the basic
characteristics data of the training group and the
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Table Ill. Training and validation of patients.

Characteristics Training group Validation group P
Age 66.84 +3.98 67.20 £ 4.05 0.24
Gender 0.56

Male 273 (45.50%) 110 (43.31%)

Female 327 (54.50%) 144 (56.69% )
Smoking 0.13

No 532 (88.67%) 234 (92.13%)

Yes 68 (11.33%) 20 (7.87%)

Drink qt 0.09

<180 ml 439 (73.17%) 200 (78.74%)

180-360 ml 117 (19.50%) 43 (16.93%)

360-540 ml 38 (6.33%) 6 (2.36%)

> 540 ml 6 (1.00%) 5 (1.97%)

Drink habit 0.06

Rarely 295 (49.17%) 136 (53.54%)

Sometimes 136 (22.67%) 66 (25.98%)

Everyday 169 (28.16%) 52 (20.47%)

LDL 121.17 + 30.69 122.48 £28.73 0.56
HDL 62.65 +15.38 61.41 £14.42 0.27
LH 2.05+0.70 2.10+0.68 0.30
TG 103.32 +53.40 107.52 + 74.04 0.35
HbAlc 5.901 £0.59 592 +0.55 0.81
BS 106.12+ 19.00 105.92 + 15.01 0.88
SBP 128.46 + 19.05 128.57 £ 19.65 0.93
DBP 73.64 + 11.67 73.79 +11.89 0.86
PS 1.734 £ 2.40 1.76 + 2.41 0.89
N_plaque 1.00 £ 1.25 094+ 1.14 0.54
BMI 23.023 +3.27 2296 +3.22 0.80
Red bp med 0.79

No 372 (62.00%) 155 (61.02%)

Yes 228 (38.00%) 99 (38.98%)

Insulin 0.13

No 521 (86.83%) 230 (90.55%)

Yes 79 (13.17%) 24 (9.45%)

Red_cho_med 0.46

No 444 (74.00%) 194 (76.38%)

Yes 156 (26.00%) 60 (23.62%)

Metabolic 0.73

No 431 (71.83%) 182 (71.65%)

Reserve 63 (10.50%) 23 (9.06%)

Yes 106 (17.67%) 49 (19.29%)

WML 0.40

No 117 (19.50%) 56 (22.05%)

Yes 483 (80.50%) 198 (77.95%)

validation group. We use the RMS package in R
4.1.0 to build a nomogram prediction model based
on the training group and verify the stability of
the model with the validation group. C-index
(Harrell’s concordance index) and Calibration
curves were used to estimate the accuracy and
consistency of the nomogram model.

The nomogram model was built based on the
four characteristics of the training group: age,
HDL, DBP, and Red bp_med (Figure 2). It was
clear that age had the greatest impact on white
matter lesions, and that it was more likely for
older patients to develop white matter lesions.
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Evaluation of the Application Value of
Clinical Predictive Models

The receiver operating curve (ROC) (Figures
3A and 3B) and calibration curve were plotted
(Figures 3C and 3D) to verify the accuracy and
discrimination of this model. The area under the
curve (AUC) in the training group is 0.625, while
0.729 in the validation group, which suggests that
our model has good accuracy. The calibration
curve of training group and validation group
shows that there was excellent consistency be-
tween the predicted survival probability and the
actual survival probability. The decision curve



Nomograms for predicting the incidence of white matter lesions
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Figure 2. Nomogram for cerebral white matter lesions
based on training group.

(Figures 4A and 4B) and clinical impact curve
(Figures 4C and 4D) were drawn to verify the
clinical practical value, which implies that the
clinical prediction model has good clinical appli-
cation value.

Discussion

With the development of society and the
improvement of medical conditions, the aging
of the population also brings more and more
age-related disease, such as white matter lesion'?.
Therefore, early detection, early prediction, and
early treatment were of great significance to
age-related diseases'. For this study, we divide
patients older than 60 years into a white mat-
ter lesion group and a non-white matter lesion
group. Through the logistics regression model,
we screened out the risk factors related to white
matter lesions. Finally, we concluded that age,
HDL, diastolic blood pressure (DBP), and the
use of antihypertensive drugs were risk factors
for white matter lesions.

Based on these risk factors, we constructed a
nomogram for predicting the incidence of white
matter lesions, and then we established a clinical
prediction model to evaluate its accuracy. The
results show that the prediction model has good
clinical application value.
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Figure 3. Receiver operating curve (ROC) and area under the curve (AUC) in training group (A) and validation group (B).

Calibration curve of training group (C) and validation group (D).
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Figure 4. Decision curve of training group (A) and validation group (B). Clinical impact curve of training group (C) and

validation group (D).

Our study found that it was more likely for
older patients to develop white matter lesions. In
addition, diastolic blood pressure, high-density
lipoprotein, and whether taking medication to re-
duce blood pressure are independent risk factors
for cerebral white matter lesions.

As the aging population increases, so does the
incidence of white matter lesions, and more and
more studies focus on this area**'>'*!15, Shinkawa
et al'® built a model based on clinical examination
data, for the prediction of the incidence of cere-
bral white matter lesions, finding that age, gen-
der, plaque score (PS), LDL, and systolic blood
pressure (SBP) have great effect on white matter
lesions, which is similar to our conclusions. Nev-
ertheless, our research object is only for the elder-
ly over 60 years old. Bots et al'” found that white
matter lesions were associated with atheroscle-
rosis. With the increase of carotid intima-media
thickness, the incidence of white matter lesions
increased significantly. In the same way, Leeuw
et al'® predicted that aortic atherosclerosis in mid-
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life was significantly associated with the presence
of periventricular white matter lesions after 20
years. Pantoni et al* carried out a study and found
that diabetes mellitus and hypertension were re-
lated to white matter lesions.

Limitations

Our study also has many limitations. First,
the data available in Dryad Digital Repository
databases are observational. This is an observa-
tional study with the general limitations of ob-
servational studies, and the allocation of objects
is arbitrary and lacks randomization. Second, for
the items in the questionnaire, such as taking hy-
poglycemic and antihypertensive drugs, we can
only know the drugs taken by the patients, but
not the names and dosages of these drugs, which
has a great impact on our research. In addition,
other important factors are not easily available
in the Dryad Digital Repository database, which
includes the patient’s hobbies, occupation, the
habit of staying up late, etc. Usually, these factors
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have a greater impact on white matter lesions.
Therefore, it is necessary to conduct high-quality
prospective studies for a better understanding of
the influencing factors of white matter lesions.

Conclusions

Our research is a large-scale population-based
study of patients in Shin Takeo Hospital. It was
confirmed that age, HDL, diastolic blood pres-
sure (DBP) and the use of antihypertensive drugs
had greatest influences on the incidence of white
matter lesions. However, our findings should be
confirmed by further large-scale prospective co-
hort studies.
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