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Background: High erythrocyte sedimentation rate (ESR) is related to various metabolic, cardiovascular, and cerebrovascular diseases; however, there is a limited
study about its association with subclinical cerebral small vessel diseases (cSVDs).
In this study, we evaluated the relationship between ESR and cSVDs in a healthy
population.
Methods: We evaluated healthy check-up volunteers between 2006 and 2013. As
subtypes of cSVD, we evaluated white matter hyperintensity (WMH), silent brain
infarct (SBI), and cerebral microbleeds (CMBs). The WMH volume was rated quantitatively using a computer-assisted semi-automated technique. SBI and CMBs
were evaluated qualitatively for presence.
Results: A total of 2,553 participants were evaluated. In multivariable linear regression analysis, ESR (β=0.027, 95% confidence interval [CI]=0.001 to 0.053, p=0.043)
was significantly associated with WMH volumes after adjusting for confounders. Age (β=0.046, 95% CI=0.042 to 0.051, p<0.001), hypertension (β=0.187, 95%
CI=0.092 to 0.281, p<0.001), and white blood cell counts (β=0.042, 95% CI=0.018 to
0.067, p=0.001) were also closely related to WMH volumes. ESR did not show any
statistical significance with SBI or CMBs. In our data, ESR were closely related to
age, sex, diabetes, hyperlipidemia, current smoking, systolic and diastolic blood
pressure, and high-sensitivity C-reactive protein.
Conclusion: High ESR was associated with larger WMH volumes in a healthy population. Since this close association was not seen in SBI or CMBs, WMH may be
more related to inflammation-related pathologies.
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INTRODUCTION
Cerebral small vessel disease (cSVD) is a subclinical
pathology, often found in the elderly.1,2 Although cSVDs themselves are asymptomatic, they are clinically
important because they increase the risk of ischemic
stroke or vascular dementia.3-5 There are subtypes
with various pathologies (e.g., white matter hyperin-

tensity [WMH], silent brain infarct [SBI], and cerebral
microbleeds [CMBs]) in cSVD. These cSVD subtypes
are very different in appearance, but are often found
together in brain magnetic resonance imaging (MRI).1,6
In addition, previous autopsy studies have also found
a link between them.2,7 Therefore, many studies have
been conducted to find the common pathological
mechanisms shared between them. Various mecha-
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nisms have been proposed as hypotheses, and subclinical inflammation is one of them.7-10
Erythrocyte sedimentation rate (ESR) is an index
that reflects the aggregation of red blood cells, and is
accelerated by the asymmetry of charged proteins (e.g.,
fibrinogen, immunoglobulin, lipoprotein) accompanying the occurrence of inflammation.11,12 Since ESR is
an inexpensive, validated, and generally available test,
it has long been used as a nonspecific inflammatory
marker.11-13 In addition, ESR, like other inflammatory
markers, has been closely associated with various metabolic diseases, atherosclerosis, cardiovascular diseases,
and cerebrovascular diseases.14-18 It is thought that ESR
will also have a close relationship with cSVD, which
shares similar pathologies with these, but study on this
has not been done yet.
In this study, we aimed to evaluate the relationship
between ESR and cSVD in a neurologically healthy
population. In addition, through comparisons between
cSVD subtypes, we would like to examine whether ESR
is involved in the common pathological mechanisms of
cSVD development or whether it is more closely related
to a specific cSVD subtype.

SUBJECTS AND METHODS
1. Study population
From a consecutive registry at a large medical center
in Korea (Seoul National University Hospital Health
Promotion Center), we included participants who visited to conduct a voluntary routine health check-up,
between January 2006 and December 2013.19 Then, we
additionally excluded participants with the following
conditions: 1) age under 30 years, 2) history of stroke or
severe neurological deficit, 3) hemato-oncologic conditions or use of immunosuppressant, 4) having major
surgery or severe trauma, 5) severe hepatic or renal
disease, or 6) active infection within prior 2 weeks.19 Finally, a total of 2,553 subjects were included in the final
analysis.
This study was approved by the Institutional Review
Board (IRB) of the Seoul National University Hospital (IRB No. 1502-026-647). The requirement to obtain
informed consent from participants was waived by
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the IRB due to the retrospective study design using
de-identified information. All experiments were performed in accordance with the Declaration of Helsinki
and relevant guidelines and regulations.

2. Demographic, clinical, and laboratory assessments
We conducted broad evaluations including age,
sex, hypertension (using anti-hypertensive agents, or
≥140 mmHg systolic blood pressure [BP], or ≥90 mmHg
diastolic BP), diabetes (using glucose-lowering agents,
or ≥6.5% hemoglobin A1c levels), hyperlipidemia (using
lipid-lowering agents, or ≥240 mg/dL total cholesterol
levels), ischemic heart disease, current smoking, systolic and diastolic BP, and use of anti-platelet agents.19
Blood pressure was checked after 5 minutes rest in sitting position. Laboratory examinations were conducted
on the same day after 12 hours of overnight fasting, including glucose profiles, lipid profiles, white blood cell
(WBC) counts, high-sensitivity C-reactive protein (hsCRP) and ESR.19

3. Radiological assessments
All participants underwent brain MRI and MRA using
1.5-T MR scanners (Signa, GE Healthcare, Milwaukee,
WI, or Magnetom SONATA, Siemens, Munich, Germany). The detailed acquisitions of MRI were as follows:
T1-weighted images (repetition time [TR]/echo time
[TE]=500/11 ms), T2-weighted images (TR/TE=5,000/127
ms), T2-gradient echo images (TR/TE=57/20 ms),
T2 fluid-attenuated inversion recovery images (TR/
TE=8,800/127 ms), and three-dimensional time of flight
MRA images (TR/TE=24/3.5 ms, slice thickness=1.2 mm).
The slice thickness was 5 mm, except for time of flight
MRA images.
As subtypes of cSVD lesions, we measured WMH
volumes and the presence of SBI and CMBs. WMH volumes were rated quantitatively using Medical Imaging
Processing, Analysis, and Visualization (MIPAV, version 7.3.0, National Institutes of Health, Bethesda, MD,
USA).19 In this process, we used a computer-assisted
semi-automated technique, measuring from converted
DICOM files, as in our previous studies.19,20 SBI was defined as an asymptomatic and well-defined lesion larger than 3 mm in size, with signal characteristics same as
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those of the cerebrospinal fluid on T1- or T2-weighted
images.1 CMBs were defined as focal round lesions less
than 10 mm in size with low signal on T2-gradient echo
images.1 All radiological parameters were rated by two
neurologists (K.W.N. and H.Y.J.), and disagreements
were resolved by discussion with a third rater (H.M.K.).

4. Statistical analysis
All statistical analyses were performed using SPSS
version 20.0 (IBM Corp., Armonk, NY, USA). Univariate
linear regression analyses were conducted to identify
possible predictors for WMH volumes. Continuous
variables with skewed data were transformed into a
squared root scale, including WMH volumes. Then,
variables with p<0.10 were introduced into the multivariable linear regression analysis along with age and
sex as confounders. Since SBI and CMBs are binary
outcome variables, we used multivariable logistic regression analyses for both. In addition, we investigated
the relationship between ESR and demographic, clinical, and laboratory parameters in order to understand
the characteristics of subjects with high ESR. For this
analysis, we used a simple linear regression analysis. All
variables with a p<0.05 were considered statistically significant in this study.

RESULTS
A total of 2,553 participants were evaluated (mean age:
57±10 years, male sex: 54%). The mean WMH volumes
were 2.53±6.06 mL. SBI and CMB were found in 193
(7.6%) and 108 (4.2%), respectively. The mean ESR was
12±13 mm/hour. Other detailed baseline characteristics
are shown in Table 1.
In univariate linear regression analysis, WMH volumes were significantly associated with age, hypertension, diabetes, hyperlipidemia, current smoking,
systolic and diastolic BP, hemoglobin A1c levels, fasting
glucose levels, total cholesterol levels, WBC counts,
ESR, and use of anti-platelet agents (Table 2).
In multivariable linear regression analysis, ESR
(β=0.027, 95% confidence interval [CI]=0.001 to 0.053,
p=0.043) showed significant association with WMH volumes after adjusting for confounders. Age (β=0.046, 95%
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CI=0.042 to 0.051, p<0.001), hypertension (β=0.187, 95%
CI=0.092 to 0.281, p<0.001), and WBC counts (β=0.042,
95% CI=0.018 to 0.067, p=0.001) were also significantly
associated with WMH volumes, being independent
from ESR (Table 3). On the other hand, neither SBI nor
CMBs showed statistical significance with ESR (Supplementary Table 1).
In our data, ESR were associated with older age, female sex, diabetes, hyperlipidemia, current smoking,
diastolic BP, hemoglobin A1c level, fasting glucose level, total cholesterol level, and hs-CRP level (Table 4).

DISCUSSION
In this study, we found that high ESR were associated with larger WMH volumes in a healthy population.
In addition, WMH volume was closely related to WBC
counts, and ESR was not statistically significant with
SBI and CMBs. Given these findings, WMH appears to

Table 1. Baseline characteristics (total n=2,553)
Age (years)

57±10

Sex (male)

1,396 (54.7)

Body mass index (kg/m2)

24.17±3.06

Hypertension

656 (25.7)

Diabetes

404 (15.8)

Hyperlipidemia

708 (27.7)

Ischemic heart disease

107 (4.2)

Current smoking

449 (17.6)

Systolic blood pressure (mmHg)

125±15

Diastolic blood pressure (mmHg)

75±11

HbA1c (%)

5.9±0.8

Fasting glucose (mg/dL)

97±23

Total cholesterol (mg/dL)

199±36

3

5.46±1.63

Erythrocyte sedimentation rate (mm/hours)

12±13

High-sensitivity C-reactive protein (mg/dL)

0.17±0.67

Anti-platelet agent use

320 (12.5)

White matter hyperintensity (mL)

2.53±6.06

Silent brain infarct

193 (7.6)

Cerebral microbleeds

108 (4.2)

White blood cell (×10 /μL)

Values are presented as number (%) or mean±standard deviation.

http://www.j-nn.org

9

Nam et al.

Leukoaraiosis and Inflammation

Table 2. Univariate linear regression analysis between white matter hyperintensity volume and demographic, clinical, laboratory,
and radiological factors
β changes in square root of WMH volume (95% CI)

p-value

0.049 (0.045 to 0.053)

<0.001

Age (years)
Sex (male)

0.011 (-0.074 to 0.095)

0.804

Body mass index (kg/m2)

0.001 (-0.014 to 0.014)

0.998

Hypertension

0.445 (0.351 to 0.540)

<0.001

Diabetes

0.391 (0.277 to 0.505)

<0.001

Hyperlipidemia

0.097 (0.003 to 0.191)

0.042

Ischemic heart disease

0.122 (-0.087 to 0.332)

0.252

Current smoking

-0.187 (-0.297 to -0.077)

0.001

Systolic blood pressure (mmHg)

0.009 (0.007 to 0.012)

<0.001

Diastolic blood pressure (mmHg)

0.006 (0.002 to 0.010)

0.002

*

HbA1c (%)

0.851 (0.575 to 1.128)

<0.001

Fasting glucose, mg/dL*

0.126 (0.086 to 0.166)

<0.001

Total cholesterol (mg/dL)

-0.002 (-0.003 to 0.000)

3

0.008

White blood cell (x10 /μL)

0.051 (0.025 to 0.076)

<0.001

Erythrocyte sedimentation rate (mm/hours)*

0.078 (0.052 to 0.104)

<0.001

0.021 (-0.121 to 0.163)

0.771

0.323 (0.197 to 0.449)

<0.001

High-sensitivity CRP (mg/dL)

*

Anti-platelet agent use
WMH; white matter hyperintensity, CRP; C-reactive protein.
*
These variables were introduced as squared root scale.

Table 3. Multivariate linear regression analysis of possible predictors for white matter hyperintensity volume
β changes in square root of WMH volume (95% CI)

p-value

0.046 (0.042 to 0.051)

<0.001

0.055 (-0.033 to 0.143)

0.219

Age (years)
Sex (male)
2

Body mass index (kg/m )

-0.008 (-0.021 to 0.004)

0.203

Hypertension

0.187 (0.092 to 0.281)

<0.001

Diabetes

0.093 (-0.015 to 0.201)

0.091

Hyperlipidemia

-0.053 (-0.139 to 0.033)

0.226

Current smoking

0.008 (-0.102 to 0.118)

0.893

0.042 (0.018 to 0.067)

0.001

0.027 (0.001 to 0.053)

0.043

-0.002 (-0.121 to 0.118)

0.978

3

White blood cell (x10 /μL)
Erythrocyte sedimentation rate (mm/hours)

*

Anti-platelet agent
WMH; white matter hyperintensity.
*
These variables were introduced as squared root scale.

be more closely related to inflammatory pathology than
other cSVD subtypes.
The exact mechanisms explaining the close relationship between ESR and WMH volume are unclear. However, we suggested several plausible hypotheses. First,
it may be due to the destruction of the blood-brain
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barrier (BBB) by endothelial dysfunction. Inflammatory
cytokines and reactive oxygen species arising from subclinical inflammation conditions can interfere with the
secretion of nitric oxide by endothelial cells.19,21 Alternatively, the BBB itself may be mechanically damaged
by an upregulated inflammatory cascade.19,22 Damaged
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Table 4. Univariate linear regression analysis between erythrocyte sedimentation rate and demographic, clinical, and laboratory
parameters
β changes in square root of ESR (95% CI)

p-value

0.036 (0.029 to 0.042)

<0.001

Age (years)
Sex (male)

-1.235 (-1.351 to -1.119)

<0.001

-0.020 (-0.040 to 0.000)

0.055

0.072 (-0.071 to 0.215)

0.324

Diabetes

0.312 (0.141 to 0.483)

<0.001

Hyperlipidemia

0.167 (0.027 to 0.306)

0.019

-0.004 (-0.316 to 0.308)

0.978

Body mass index (kg/m2)
Hypertension

Ischemic heart disease
Current smoking

-0.539 (-0.702 to -0.376)

<0.001

Systolic blood pressure (mmHg)

-0.003 (-0.007 to 0.001)

0.173

Diastolic blood pressure (mmHg)

-0.013 (-0.018 to -0.007)

<0.001

*

1.214 (0.802 to 1.626)

<0.001

Fasting glucose (mg/dL)*

0.103 (0.044 to 0.162)

0.001

Total cholesterol (mg/dL)

0.003 (0.001 to 0.005)

0.001

HbA1c (%)

3

White blood cell (x10 /μL)
High-sensitivity CRP (mg/dL)*
Anti-platelet agent use

-0.003 (-0.041 to 0.035)

0.872

1.621 (1.419 to 1.822)

<0.001

-0.022 (-0.211 to 0.167)

0.820

ESR; erythrocyte sedimentation rate, CRP; C-reactive protein.
*
These variables were introduced as squared root scale.

BBB, functionally or mechanically, causes periventricular infiltration of several toxic materials (e.g., protease,
immunoglobulin, and complement components), and
can cause WMH by damaging the surrounding neural
tissues.8,19,23 In addition, damaged BBB can prevent
clearance of interstitial fluid through the glymphatic
pathway, which can also lead to WMH.1,19 In our data,
not only ESR but also elevated WBC counts showed a
positive correlation with WMH volume, so this hypothesis seems valid. Second, chronic diffuse hypoperfusion
may have been involved. The aforementioned decrease
in nitric oxide production of endothelium can also decrease the ability to control cerebral perfusion through
autoregulation.23,24 In addition, subclinical inflammation may prevent the proliferation of vascular smooth
muscle cells and proceeds to fibrosis, causing atherosclerosis of small arterioles permanently.23,25,26 This is
evidenced by several results showing that ESR is closely
related to arterial stiffness in previous studies.15 In addition to small vessels, ESR has been shown to be closely correlated with atherosclerosis of large vessels.11,12
Chronic diffuse hypoperfusion caused by the stenosis
of such large and small vessels is sufficient to grow
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WMH volumes. Last, it may simply be the result of ESR
and WMH sharing multiple risk factors. Of course,
subclinical inflammation is known to be closely related
to several metabolic diseases.27 However, in our data,
ESR showed a close correlation with older age, diabetes,
hyperlipidemia, high BP, hs-CRP level, but not with
WBC counts. Therefore, although it has not yet been
identified, there may be a link between them through
pathway other than the inflammation.
Interestingly, ESR showed a close association only
with WMH and no statistical significance with SBI or
CMBs. This phenomenon is interpreted as the fact that
other pathological mechanisms unrelated to subclinical
inflammation and endothelial dysfunction play many
roles in the development of SBI and CMBs. In addition
to lipohyalinosis, it is known that embolism caused by
proximal sources and microatheroma are involved in
SBI development.3,7 In case of CMBs, lobar and deep
CMBs are caused by different mechanisms, and hypertensive insult or amyloid angiopathy can affect this.1,6
However, in addition to differences in mechanisms,
these statistical results may have arisen due to the unusually low prevalence of SBI and CMBs in our young
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and healthy study population.
There are several caveats to interpret our results.
First, this study is a retrospective cross-sectional design.
Therefore, we can only prove the association between
the ESR and the WMH volume, not the causal relationship. For this, further prospective study is needed.
Second, we conducted a study on a relatively young and
healthy population. Thus, the influence of age and various vascular risk factors may have been relatively underestimated, and the influence of ESR may have been
overestimated. Third, in order to accurately measure
the WMH volume, the whole brain volume should have
been measured as well. By standardizing on the basis of
the ratio between the two, it was possible to minimize
the difference due to the head size. Fourth, ESR is a parameter that is affected by various medical conditions
such as sex, obesity, menstruation, and medication.
Therefore, when applied in practice, it must be judged
comprehensively with the clinical situation or other
biomarkers. Last, we measured the periventricular
WMH and subcortical WMH together when rating the
WMH volumes. In previous studies, different mechanisms and characteristics have been reported between
the two areas of WMH.28 Due to technical limitations,
this study could not separate the two. Interesting results can be obtained if we can examine the relationship between ESR and WMH in the periventricular and
subcortical areas respectively.
In conclusion, we demonstrated that ESR was closely
related to WMH volume in a healthy population. If we
classify high-risk groups through ESR and manage each
of them appropriately, it may be helpful in preventing
the development of WMH. By doing so, we will be able
to prevent the occurrence of several neurological disorders in the subclinical stage before symptoms develop.
However, our findings are needed to be validated in
further prospective studies.
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