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interleukin-6 and cerebral deep
white matter and periventricular
hyperintensity in elderly women
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Aim: We evaluated the relationships between serum levels of high-sensitivity C-reactive
protein (hsCRP) and interleukin (IL)-6 with the severity of leukoaraiosis.

Methods: One hundred and thirty-seven elderly women who attended the Center for
Comprehensive Care on Memory Disorders at Kyorin University Hospital were enrolled in
this study. Leukoaraiosis was assessed by periventricular hyperintensity (PVH) score and

deep white matter hyperintensity (DWMH) score.

Results: Serum log IL-6 level correlated with PVH and DWMH scores, but hsCRP did
not. By multinomial logistic analysis, IL~6 was significantly related to DWMH score,
independent of age and systolic blood pressure.

Conclusion: IL-6 is presumably an important marker of leukoaraiosis, as is the case with
silent cerebral infarction. Geriatr Gerontol Int 2011; 11: 328-332.

Keywords: interleukin-~6, leukoaraiosis, white matter hyperintensity.

Introduction

Leukoaraiosis, an isointense lesion on T:-weighted
images and hyperintense lesion on T,-weighted images
of magnetic resonance imaging (MRI), is considered to
be a type of ischemic change in the brain on the basis
of decreased blood flow in the area of leukoaraiosis.!
In addition, leukoaraiosis is likely to have a relation-
ship with vascular risk factors such as hypertension
and diabetes.* On the other hand, the severity of leu-
koaraiosis also has a relationship with symptoms of
the geriatric syndromes such as dementia, gait distur-
bance and functional disability.>* Hence, leukoaraiosis
is regarded as a significant brain lesion linking vascular
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risk factors and the occurrence of geriatric syndromes.
Previous research on leukoaraiosis showed that
women tended to have more white matter lesions than
men,® and progression of deep white matter hyperin-
tensity (DWMH) lesion was grater in women than
men.” Furthermore, Gouw et al. showed that leuko-
araiosis tended to develop greater in women than men
and lacunes were vice versa.® Recently, many studies
have focused on the relationships between brain
ischemia and inflammation. Above all, Hoshi et al.
demonstrated that serum high-sensitivity C-reactive
protein (hsCRP) and interleukin (IL)-6 levels corre~
lated with silent brain infarction.” They suggested an
involvement of inflammation in cerebral infarction.
However, few studies have examined the relationships
between inflammatory markers and other cerebral
ischemic changes such as leukoaraiosis. Therefore, we
investigated whether serum levels of hsCRP and IL-6
have a relationship with leukoaraiosis in elderly
womer.

© 2011 Japan Geriatrics Society



IL-6 and cerebral DWMH

Methods

Patients

One hundred and thirty-seven women who attended the
Center for Comprehensive Care on Memory Disorders at
Kyorin University Hospital were included in this study.
This study was approved by the Ethics Committee of
Kyorin University School of Medicine. Accordingly,
written informed consent was obtained from all patients.

MRI

Magnetic resonance imaging (MRI) was performed
on 1.5-T scanners (Toshiba Medical Systems,
Tochigi, Japan). Ti-weighted images (repetition
time [TR]=496 msec, echo time [TE]=12 msec),
T,-weighted images (TR = 4280 msec, TE = 105 msec)
and fluid attenuated inversion recovery-weighted
images (TR =8000 msec, TE =105 msec, 5 mm slice
thickness) were obtained in the axial planes.

Periventricular hyperintensity and DWMH Score

Leukoaraiosis was classified as periventricular hyperin-~
tensity (PVH) adjacent to the lateral ventricle, and
DWMH located in the deep white matter apart from the
lateral ventricles. PVH was evaluated in six regions in
three slices. Each region was rated as five grades (0—4)
according to the systematic quantification method
developed by Junque et al.®* The sum of all grades in the
six regions was defined as the PVH score (range 0-40).*
DWMH was evaluated in the frontal, temporal, parietal
and occipital lobes and in the basal ganglia in both
hemispheres. Each lesion was rated as three grades
according to the diameter, as described by de Groot
erals The sum of all grades in five regions in both
hemispheres was defined as the DWMH score.*

Laboratory tests

Blood samples were obtained in the morning after an
overnight fast. Serum levels of hsCRP and IL-6 were
measured using nephelometry and enzyme-linked
immunosorbent assay, respectively. The intra-assay
coefficients of variation for the measurements of hsCRP
and IL-6 were 1.3% and 2.9%, respectively.

Statistical analysis

Because the distribution of hsCRP and IL-6 levels
appeared to be left-skewed, they were normalized by
logarithmic transformation. We used Spearman’s p to
investigate correlations between parameters and PVH
score or DWMH score. Also, to test independently the
effect of the inflammatory markers associated with the

© 2011 Japan Geriatrics Society

severity of leukoaraiosis, multinomial logistic regression
analysis was performed with the grade of PVH (tertiles
of PVH score) or DWMH (tertiles of DWMH score) as
the dependent variable; and hsCRP or IL-6, together
with age and systolic blood pressure (SBP) as indepen-
dent variables. P < 0.05 was considered statistically sig-
nificant. All data were analyzed using SPSS ver. 17.0.

Results

The characteristics of the study subjects are shown in
Table 1. They were non-obese normolipidemic elderly
persons, however, SBP was elevated. The distribution
of PVH score and DWMH score of these subjects
were 1-24 and 0-209, respectively. In Spearman’s cor-
relation coefficient, IL-6 correlated with PVH score
(p=0.340, P<0.05) and DWMH score (p=0.299,
P<0.05) (Fig. 1), whereas hsCRP showed no relation
to PVH score or DWMH score (Table 2). PVH score
and DWMH score also correlated with age and SBP.
When log IL-6 and log hsCRP were grouped by tertile
(see legend to Fig. 2), it was found that the average
PVH score and DWMH score were higher in the
highest tertile of IL-6 level than in the lowest tertile
according to the Kruskal-Wallis test (Fig. 2a,b). On the
other hand, this increment was not found in hsCRP
(Fig. 2¢,d).

Because leukoaraiosis can be observed on MRI even
in normal elderly persons,'® and hypertension is known
to be a risk factor for leukoaraiosis,’’ we performed
multinomial logistic regression analysis using PVH or
DWMH severity (tertiles of PVH and DWMH score) as
the dependent variable, and age, SBP and inflammatory

Table 1 Clinical characteristics of study subjects
(women, n=137)

Age (years) 767
BMI (kg/m?) 20.8 +£3.3
SBP (mmHg) 142 + 26
DBP (mmHg) 80+ 14
PVH score (points) 8.2+4.0
DWMH score (points) 61.4+51.0
Total cholesterol (mmol/L) 5.38£0.91
HDL cholesterol (mmol/L) 1.50£0.36
LDL cholesterol (mmol/L) 3.23£0.65
Triglyceride (mmol/L) 1.08 £ 0.46
Log IL-6 (ng/L) 0.35+£0.46
Log hsCRP (ug/L) 2.58+£0.58

All parameters are expressed as mean * standard deviation.
IL-6 and CRP are shown as log transformed. BMI, body
mass index; DBP, diastolic blood pressure; DWMH, deep
white matter hyperintensity; HDL, high-density lipoprotein;
hsCRP, high-sensitivity C-reactive protein; IL-6,
interleukin-6; LDL, low-density lipoprotein; PVH,
periventricular hyperintensity; SBP, systolic blood pressure.
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Figure 1 Relations between periventricular hyperintensity (PVH) score and log interleukin (IL)-6 (left panel; p = 0.340,
P<0.05, n=137), and deep white matter hyperintensity (DWMH) score and log IL-6 (right panel; p =0.299, P<0.05, n=137).

Table2 Spearman’s correlation coefficient between
leukoaraiosis and parameters

PVH score DWMH score

p I3 p P
Age 0411 <0.001 0.271 0.002
BMI -0.156 0.085 -0.124 0.179
SBP 0.215 0.014 0.232  0.009
Total cholesterol —0.128 0.192 -0.149 0.134
HDL cholesterol -0.053 0.595 -0.205 0.041
LDL cholesterol  -0.093 0.349 -0.025 0.802
Triglyceride ~-0.014  0.885  0.080 0.421
Smoke 0.337 0.005 0.443 0.000
Log IL-6 0.340 0.002 0.299 0.006
Log hsCRP -0.018 0.867 0.019 0.855

BMI, body mass index; DBP, diastolic blood pressure;
DWMH, deep white matter hyperintensity; HDL,
high-density lipoprotein; hsCRP, high-sensitivity C-reactive
protein; IL-6, interleukin-6; LDL, low-density lipoprotein;
PVH, periventricular hyperintensity; SBP, systolic blood
pressure.

markers as independent variables. As shown in Table 3,
it was confirmed that the level of IL-6 was significantly
associated with the progression of PVH grade (from
lowest to middle and middle to highest) and DWMH
score (from middle to highest). However, this trend was
not found in hsCRP.

Discussion

In this study, we showed relationships between IL-6
and PVH score and IL-6 and DWMH score. It is

330 |

assumed that IL-6 has an association with cerebral
ischemic changes such as leukoaraiosis as well as
silent brain infarction.® Additionally, PVH and
DWMH were correlated with IL-6, but not with
hsCRP. With respect to this point, Schmidt ef al. sug-
gested that CRP is a marker of active carotid athero-
sclerosis, but not of a small vessel disease-related brain
lesion.”” On the other hand, it is envisaged that
elevated hsCRP levels generally reflect large vessel ath-
erosclerosis. Because leukoaraiosis is regarded as one
of the brain changes caused by small vessel disease,
our results support the idea of Schmidt et al.

Interleukin-6 is one of the principal acute-phase
reactants, playing a significant role in the activation of
the coagulation—fibrinolysis system. On the other
hand, leukoaraiosis has been associated with a hyper-
coagulable condition. Endothelium-derived adhesion
molecules have been reported to be elevated in
patients with great leukoaraiosis or lacunar infarcts.
Leukocyte-mediated injury of the small vessels and
ensuing upregulation of endothelial adhesion mol-
ecules are implicated in the pathogenesis of
leukoaraiosis.™

The Rotterdam Scan Study showed that higher
hsCRP levels were associated with presence and pro-
gression of leukoaraiosis after adjustment for cardio-
vascular risk factors and carotid atherosclerosis.™
The subjects in the Rotterdam Scan Study were a
population-based cohort (n = 1033), while the subjects
in the present study were outpatients in the memory
clinic (n=137). In this respect, the difference in char-
acteristics and numbers of the subjects may have given
rise to the different results in terms of hsCRP in the
present study and the Rotterdam Scan Study.

© 2011 Japan Geriatrics Society
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Figure 2 Average of periventricular hyperintensity (PVH) score and deep white matter hyperintensity (DWMH) score by tertile
of interleukin (IL)-6 (a,b) and tertile of high-sensitivity C-reactive protein (hsCRP) (c,d). Log IL-6 tertile; lowest, <0.04 pg/mL,
n=355,73.4+ 7 1 years old (y/o); middle, 0.04-0.36 pg/mL, n= 38, 76.9 + 6.8 y/o; highest, 20.36 pg/mL, n =44, 79.5 £ 5.3 y/o.
Log hsCRP; lowest, <1.40 ng/mL, n =44, 73.9 £ 7.0 y/o; middle, 1.40-2.73 ng/mL, n= 46, 77.6 £ 7.1 y/o; highest, 22 73 ng/mL,

n=41,77.8 + 6.3 ylo.

In the Framingham Heart Study, no association was
found between hsCRP and leukoaraiosis on MRL" In
the Cardiovascular Health Study, hsCRP level was
modestly associated with semi-quantified leukoaraiosis
volume, but the effect attenuated after excluding preva-
lent cerebrovascular and coronary disease cases.’® In
addition, Wright et al. was not able to find an association
between hsCRP and leukoaraiosis volume.' Together,
the relationships between leukoaraiosis and hsCRP
varied depending upon different reports. This may
come from the difference in study subjects and analyti-
cal methods. Further investigation is necessary to hold
more definite opinion about which inflammatory

© 2011 Japan Geriatrics Society

biomarker represents the presence and development of
leukoaraiosis.

Several lines of evidence suggest a relationship
between IL-6 and symptoms of the geriatric syndromes,
unique features of common health problems associated
with poor morbidity in elderly people, such as demen-
tia,"” functional disability’® and frailty."” On the other
hand, the severity of leukoaraiosis also has a relation-
ship with symptoms of geriatric syndromes such as
dementia, falls, gait disturbance and functional
disability.** Therefore, IL-6 may be an important
biomarker linking the severity of leukoaraiosis to
the geriatric syndromes. Because the present study is
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Table 3 Associations between inflammation markers and the severity of leukoaraiosis according to tertiles (PVH
score or DWMH score) adjusting for age and systolic blood pressure (logistic regression analysis)

Log hsCRP, pg/L
Odds ratio (95% CI)

Log IL-6, ng/L
Odds ratio (95% CI)

PVH grade (tertiles)
Lowest to middle
Middle to highest

DWMH grade (tertiles)
Lowest to middle
Middle to highest

1.84 (0.78-4.31)
0.39 (0.12-1.32)

0.81 (0.333-1.99)
1.25 (0.48-3.29)

5.80 (1.43-23.60)
4.39 (1.02-18.85)

3.18 (0.78-12.95)
7.85 (1.69-36.38)

Grade of leukoaraiosis according to tertiles of PVH score or DWMH score. CI, confidence interval; DWMH, deep white matter
hyperintensity; IL-6, interleukin-6; hsCRP, high-sensitivity C-reactive protein; PVH, periventricular hyperintensity.

cross-sectional, a longitudinal study would corroborate
the associations of IL-6 with leukoaraiosis, and IL-6
with the geriatric syndromes.

In conclusion, we demonstrated that IL-6 level is
significantly associated with the severity of PVH and
DWMH lesions. The results of the present study,
together with the previous studies, suggest that IL-6 is an
important marker of the progression of cerebral ischemic
disease, linking to the presence of geriatric syndromes.
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