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Abstract

Aim

Serum adiponectin levels are decreased in patients with cerebral infarction. Adiponectin in
circulation exists in three isoforms: high molecular weight (HMW), medium molecular weight
(MMW), and low molecular weight (LMW) adiponectin. We measured serum levels of total
adiponectin and adiponectin multimers (HMW, MMW, and LMW) in patients with cerebral
infarction and compared the serum levels of the three adiponectin multimers in stroke sub-
types. We also evaluated the clinical value of adiponectin multimer levels as a biomarker for
cerebral infarction.

Methods

We assessed a total of 132 patients with cerebral infarctions. The serum levels of total and
adiponectin multimers were measured using enzyme-linked immunosorbent assay (ELISA).

Results

The total and HMW adiponectin levels were significantly lower in atherothrombotic infarction
(Al) than in cerebral embolism (CE) (total, p < 0.05; HMW, p < 0.05). In male patients, the
MMW adiponectin level was significantly lower in the lacunar infarction (LI) group than in the
Al group (p < 0.05). The LMW adiponectin level was significantly lower in the Al group than
in the LI and CE groups (LI, p<0.001; CE, p=0.001). However, there were no significant
differences in adiponectin multimer levels among the stroke subtypes in female subjects.
Additionally, in female patients with Al and LI, the LMW adiponectin levels were negatively
associated with C-reactive protein (CRP; Al, p <0.05; LI, p < 0.05).
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Conclusion

These findings suggest that a decrease in adiponectin is associated with Al and that serum
LMW adiponectin level represents a potential biomarker for Al.

Introduction

Cerebral infarction is associated with metabolic syndrome and often caused by atherosclerosis
[1, 2]. Metabolic syndrome represents a cluster of independent risk factors for cardiovascular
diseases. The major factors include high blood pressure, dyslipidemia, and glucose metabolism
disorder, and is associated with a high risk of cerebral infarction [3].

Adiponectin is an adipokine with anti-atherogenic [4, 5], anti-inflammatory [6] and anti-
diabetic properties and takes part in the regulation of several metabolic processes. Serum adi-
ponectin levels are lower in obese subjects compared to non-obese subjects [7] and negatively
correlate with body mass index (BMI) [8]. Numerous studies have shown that adiponectin
produces anti-inflammatory effects [9] and inhibits TNF-alpha secretion [10]. Hence, adipo-
nectin plays an important role in suppressing the onset and development of cardiovascular
diseases.

Adiponectin circulates in the plasma as low molecular weight (LMW), medium molecular
weight (MMW), and high molecular weight (HMW) forms [11]. Studies have shown that
HMW adiponectin suppresses the onset of cardiovascular diseases, decreases weight [12], and
improves insulin resistance [13]. HMW adiponectin has been suggested to be the most active
form because it activates adenosine 5’-monophosphate (AMP)-activated protein kinase and
has anti-apoptotic activity in vascular endothelial cells [14]. Several studies have focused on
total- and HMW adiponectin levels, and the HMW-to-total adiponectin ratio in type 2 diabe-
tes, cardiovascular diseases, and cerebral infarction. However, the roles of the multimeric
forms of adiponectin in these diseases remains controversial [15-18]. Baranowska et al.
reported that serum levels of adiponectin and adiponectin multimer were significantly reduced
in women with acute ischemic stroke relative to those in matched controls [19].

Plasma adiponectin levels have been shown to be lower in patients with cerebral infarction
compared to that in control subjects [20]. However, studies on the relationships between the
adiponectin forms (total, HMW, MMW, and LMW) and the clinical subtypes of cerebral
infarction are limited.

Therefore, the aim of this study was to investigate the association between the subtypes of
cerebral infarction and adiponectin forms (total, HMW, MMW, and LMW), and to assess the
clinical value of adiponectin multimer levels as biomarkers for cerebral infarction.

Subjects and methods
Subjects

A total of 132 patients with cerebral infarction who were enrolled between November 2008
and April 2009 were included in the study. All patients were hospitalized at Eishokai Yoshida
Hospital (Kobe, Japan) because of the onset of acute stroke. The subjects included 50 patients
with atherothrombotic infarction (AI), 45 patients with lacunar infarction (LI), and 37 patients
with cerebral embolism (CE) (Table 1). Clinical characterization of the cerebral infarction was
performed using magnetic resonance imaging including T2-weighted imaging (T2WI) and
diffusion tensor imaging (DTT). The study protocol was approved by the Ethics Committee of
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Table 1. Physical and metabolic characteristics of the subjects.

Al LI CE p value

Al vs. LI Al vs. CE LI vs. CE
Subjects () ol S0 s 37
Sex, male/female 1 3V19 L 2817 20T
Age (years) 74.0£112 73.9x103 1789106
Day fromonset (day) | 2514472 1 273%¢432 | 2974583 e
Body mass index (kg/m”) | 234448 232432 220831 e
Systolic blood pressure (mmHg) | 157425 A6k SRR b
Diastolic blood pressure (mmHg) | 85¢16 | 85¢14 | 88216
Total cholesterol (mg/dL) 1 210849 120844 | 2034
LDL cholesterol (mg/dLy 127441 L 125E37 L A20%40
HDL cholesterol (mg/dL) 5817 L 5617 Lo 66220
Triglycerides (mg/dL) 1 131474 | 135479 | 88%35 b 00177 | 00102
High sensitive CRP (mg/dL) 0.16+0.19 0.14+0.21 0.22+0.24

AL atherothrombotic infarction; LI, lacunar infarction; CE, cerebral embolism; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein.

Data are presented as mean + standard deviation (SD).

https://doi.org/10.1371/journal.pone.0262542.t001

our institution, and the study was conducted in accordance with the ethical principles of the
Helsinki Declaration. Written informed consent was obtained from all the study participants.
All serum samples from those 132 subjects were stored since November 2008. Adiponectin
assays were performed during May and Jun in 2013.

Clinical and laboratory assessments

Serum samples were collected from the patients after admission to the hospital. Venipuncture
blood was directly collected into a tube containing aprotinin, polypeptide protease inhibitor
and was immediately centrifuged at 4 °C. Serum sample was divided into tubes in a 0.1-mL ali-
quot and stored at -80 °C until used. The serum levels of total and multimeric adiponectin
were measured in duplicate using an enzyme-linked immunosorbent assay (ELISA) kit (SEKI-
SUI MEDICAL, Tokyo, Japan) according to the manufacturer’s instructions. Briefly, the adi-
ponectin levels of total, HMW and (HMW and MMW) were measured by this ELISA kit.
MMW adiponectin levels were calculated by subtracting HMW from (HMW and MMW).
LMW levels were calculated by subtracting (HMW and MMW) from total adiponectin. The
intra- and inter-assay coefficients of variation for multimeric adiponectin ELISA kits

were < 5.4% and < 6.0%, respectively. The levels of total cholesterol (T-Cho), low-density
lipoprotein cholesterol (LDL-Cho), high-density lipoprotein cholesterol (HDL-Cho), triglycer-
ide (TG), and C-reactive protein (CRP) were measured. BMI was calculated based on the
patient’s height and weight as follows: BMI = weight/height” [kg/m’]. The modified Rankin
scale (mRS) scores were assessed as prognostic indices of stroke (no symptoms, 0; severe dis-
ability, 5; death, 6).

Statistical analysis

Data are shown as mean * standard deviation (SD). The serum levels of adiponectin were not
normally distributed, as shown by the Kolmogorov-Smirnov test. Therefore, the statistical

comparison of variables between the groups was performed using the Kruskal-Wallis test and
the Mann-Whitney U test with Bonferroni correction. Additionally, the degree of correlation
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between the selected variables was determined using Spearman’s correlation analysis. Statisti-
cal significance was set at P < 0.05. Statistical analyses were performed using Statview version
5.0 (Abacus Concepts, Berkeley, CA, USA).

Results
Characteristics of the patients

The patient characteristics are shown in Table 1 (Individual data including serum adiponectin
levels were presented in S1 Table). Serum TG levels were higher in patients with Al and LI
compared to that in patients with CE. Significant differences were observed in the TG levels:
Alvs. CE (p =0.0177) and LI vs. CE (p = 0.0102). There were no significant differences in any
other parameter between patients with Al, LI, and CE.

Relationship between adiponectin forms and stroke subtypes

Fig 1 shows the serum adiponectin level in patients with cerebral infarction. The total and
HMW adiponectin levels were significantly lower in Al than in CE (7.1 + 3.8 vs. 9.7 £ 5.3 g/
mL, respectively; p = 0.0312 and 3.5 £ 2.4 vs. 5.2 + 3.5 ug/mlL, respectively; p = 0.0444). The
serum LMW adiponectin level was lower in Al than that in LI and CE (2.1 + 0.9 vs.

3.0 + 1.2 pg/mL, respectively; p = 0.0003 and 2.1 + 0.9 vs. 3.0 + 1.1 pg/mL, respectively;

p =0.001), whereas no significant differences in the MMW adiponectin levels were found
among the stroke subtypes.

Furthermore, we compared the levels of adiponectin multimer forms between male and
female patients with cerebral infarction. Differences in levels between the sexes were noted
except for LMW adiponectin levels in patients with LI and CE (S2 Table). In male patients,
MMW adiponectin levels were significantly lower in the LI group than in the AI group
(0.6 £ 0.5 vs. 1.1 + 0.6 pg/mL, respectively; p = 0.0366).

The LMW adiponectin level in AI was significantly lower than that in LI and CE (1.7 £ 0.8
vs. 2.9 + 1.3 ug/mlL, respectively; p = 0.003 and 1.7 + 0.8 vs. 3.0 £ 1.2 pg/mL, respectively;

p =0.0003) (Fig 2). However, there were no significant differences in the total, HMW, MMW,
and LMW adiponectin levels in female patients (Fig 3).

Correlation between the adiponectin forms and clinical parameters

Table 2 shows the correlation between total (Table 2a), HMW (Table 2b), MMW (Table 2¢),
and LMW (Table 2d) adiponectin levels and various characteristics of patients with AL LI, and
CE.

Total adiponectin levels were positively correlated with age and HDL-Cho in patients with
Al and LI (p = 0.0058, and p = 0.0014, respectively; p = 0.0005 and p = 0.0441, respectively),
with mRS score in the patients with AI (p = 0.0391), and with age in the LI male patients
(p = 0.0009). Total adiponectin levels showed significant negative correlation with BMI in
patients with AL, LI, and CE (p = 0.0274, p = 0.0077, and p = 0.0398, respectively) and in LI
male and female patients (p = 0.0060, and p = 0.0282, respectively), with diastolic blood pres-
sure (dBP) in the LI all and male patients (p = 0.0115 and p = 0.0017, respectively), with TG in
the AI all and male patients (p = 0.0397 and p = 0.0457, respectively), systolic blood pressure
(sBP) in the patients with LI (p = 0.0420), and with T-cho and LDL-cho in male patients with
CE (p = 0.0155, p = 0.0205, respectively).

HMW adiponectin levels was significantly positively correlated with age in the patients
with Al and LI and the LI male patients (p = 0.0124, p < 0.0001, and p = 0.0004, respectively),
with HDL-Cho in the patients with Al and CE (p = 0.0072, and p = 0.0219, respectively), and
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Fig 1. Serum adiponectin multimer levels in patients with AI, LI, and CE. Levels of (a) total adiponectin, (b) high molecular weight
(HMW) adiponectin, (c) medium molecular weight (MMW) adiponectin, and (d) low molecular weight (LMW) adiponectin. Data are
presented as the means + standard deviation (SD). * p < 0.05, *** p < 0.001.

https://doi.org/10.1371/journal.pone.0262542.9001

with mRS scores in the LI all and male patients (p = 0.0186, and p = 0.0175, respectively).
HMW adiponectin levels showed significant negative correlation with BMI in patients with
AJ LI and CE (p = 0.0380, p = 0.0046, and p = 0.0447, respectively) and the LI male and female
patients (p = 0.0054, and p = 0.0211, respectively), with TG in the patients with LI and the LI
male and the CE male patients (p = 0.0274, p = 0.0335, and p = 0.0334, respectively), and dBP
in the LI and male patients (p = 0.0192, and p = 0.0030, respectively).

MMW adiponectin levels showed significant positive correlation with age in the patients
with Al and CE and the AI male patients (p = 0.0278, p = 0.0135, and p = 0.0403, respectively),
with HDL-Cho in the patients with Al and LI (p = 0.0439, and p = 0.0354, respectively).
MMW adiponectin levels had significant negative correlation with dBP in LI all and LI male
patients (p = 0.0202, and p = 0.0069, respectively), with BMI in the patients with CE and the LI
female patients (p = 0.0330 and p = 0.0433, respectively), sBP in patients with LI (p = 0.0477),
and with T-cho in the CE male patients (p = 0.0195).
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Fig 2. Serum adiponectin multimer levels in male patients with AL LI, and CE. Levels of (a) total adiponectin, (b) high molecular weight
(HMW) adiponectin, (c) medium molecular weight (MMW) adiponectin, and (d) low molecular weight (LMW) adiponectin. Data are
presented as the means + SD. * p < 0.05, *** p < 0.001.

https://doi.org/10.1371/journal.pone.0262542.9002

LMW adiponectin levels had significant positive correlation with HDL-Cho in patients
with Al and LI and AI male patients (p < 0.0001, p = 0.0499, and p = 0.0083, respectively),
with age in the patients with Al and LI male patients (p = 0.0026, and p = 0.0075, respectively),
and with mRS scores in the patients with AI (p = 0.0103). LMW adiponectin levels had signifi-
cant negative correlation with hs-CRP in the AI female and the LI female patients (p = 0.0432
and p = 0.0341, respectively), with BMI in patients with Al and the AI male and the LI male
patients (p = 0.0024, p = 0.0264, and p = 0.0478, respectively), with T-cho and LDL-cho in the
CE male patients (p = 0.0159 and p = 0.0150, respectively), with dBP in the LI male patients
(p =0.0071), and with the mRS score in the LI female patients (p = 0.0225), and with TG in the
AT all and male patients (p = 0.0131, and p = 0.0200, respectively).

Discussion

In this study, we measured serum adiponectin multimer levels in subjects with cerebral infarc-
tion and compared the data to examine the relationship between the subtypes of cerebral
infarction and serum levels of total, HMW, MMW, and LMW adiponectin. Furthermore, we
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Fig 3. Serum adiponectin multimer levels in female patients with Al LI, and CE. Levels of (a) total adiponectin, (b) high molecular
weight (HMW) adiponectin, (c) medium molecular weight (MMW) adiponectin, and (d) low molecular weight (LMW) adiponectin. Data
are presented as the means + SD.

https://doi.org/10.1371/journal.pone.0262542.9003

investigated the correlation between serum adiponectin multimer levels and clinical
parameters.

We found that serum levels of total, HMW, and LMW adiponectin were lower in patients
with AT than in those patients with LI and CE. In female patients, there were no significant dif-
ferences in serum adiponectin multimer levels among the stroke subtypes. In view of our
results, the reduction in serum total adiponectin levels in subjects with cerebral infarction may
reflect a reduction in patients with Al The serum level HMW adiponectin does not decrease
in cerebral infarction [17]. This finding may reflect the results of serum HMW adiponectin
levels in all patients. As noted in our results, HMW adiponectin levels may be lower in patients
with AT compared to those with other subtypes when the measured values are compared
among the stroke subtypes. To the best of our knowledge, the relationship between LMW adi-
ponectin levels and cerebral infarction has not been investigated previously. MMW and LMW
adiponectin have been found in human sera and cerebrospinal fluid (CSF) [21, 22]. Kusminski
et al. showed that LMW adiponectin is the primary form of adiponectin in the human CSF
[21]. Moreover, it has been shown that LMW adiponectin has anti-inflammatory activity that
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Table 2. The correlations of serum total, HMW, MMW, and LMW adiponectin levels with clinical parameters.

clinical parameter Al LI CE

all male female all male female all male female
(a) Total adiponectin levels
Age (years) 03987 10354 | 0138 1 052677 L6 1022 | 0308 -0.084 0338

hs-CRP (mg/dL) 0.129 0.236 0.145 -0.223 0.080 -0.435 0.037 -0.068 -0.094
(b) HMW adiponectin levels
Age (years) 0.361* 0.261 -0.057 0.605 *** 0.687 *** 0.347 0.252 -0.235 0.350

hs-CRP (mg/dL) 0.117 0.231 0.115 -0.192 0.138 -0.447 0.020 —0.031 -0.121
(c) MMW adiponectin levels
Age (years) 0.318* 0.374* -0.219 0.227 0.058 0.006 0.418* 0.139 0.409

hs-CRP (mg/dL) 0.216

(d) LMW adiponectin levels

mRS score 0.374* 0.273 —-0.270 -0.111 0.063 -0.570 * 0.279 0.272 0.262
(Continued)
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Table 2. (Continued)

clinical parameter
all

hs-CRP (mg/dL) 0.016

Values are Spearman’s correlation coefficient.
*p <0.05,

**p <0.01,

¥ p < 0.001.

male
0.294

LI CE
female all male female all male female
-0.477 * -0.292 -0.113 —0.547 * 0.096 0.114 0.033

AL atherothrombotic infarction; LI, lacunar infarction; CE, cerebral embolism; BMI, body mass index; T-Cho, total cholesterol; LDL, low-density lipoprotein; HDL,

high-density lipoprotein; TG, triglyceride; sBP, systolic blood pressure; dBP, diastolic blood pressure; mRS, modified Rankin scale; HS, high sensitivity; CRP, C-reactive

protein.

https://doi.org/10.1371/journal.pone.0262542.t002

suppresses IL-6 secretion and induces IL-10 production [2]. Considering our finding that
LMW adiponectin levels were lower in Al than in LI and CE, we speculate that the decrease in
serum LMW adiponectin levels in Al patients may be due to translocation of LMW adiponec-
tin for central adiponectin action. The change in adiponectin multimer levels, except for
MMW adiponectin, may be a result of the development of AL

To date, there have been few reports on the function of MMW adiponectin. We found that
serum MMW adiponectin levels were lower in patients with LI than in those with Al and CE. In
female patients, there were no significant differences in the serum levels of MMW adiponectin
among the stroke subtypes. The decrease in serum MMW adiponectin levels in male patients
with LI may help to distinguish LI from other stroke subtypes. Taken together, adiponectin mul-
timers that are influenced by stroke subtypes may vary. Our findings that serum levels of total,
HMW, and LMW adiponectin were lower in patients with AI than in those with LI and CE may
reflect the levels in male patients. It is important to clarify this point in future studies.

In the present study, correlation analysis showed that serum adiponectin multimer levels
were significantly correlated with age and HDL-Cho and negatively correlated with BMI.
Human adiponectin levels have been shown to be lower in obese subjects than in non-obese
subjects, and adiponectin is associated with lipid metabolism [23, 24]. In older subjects, circu-
lating adiponectin levels increase with age [25, 26]. Therefore, our results were consistent with
those of previous studies [25, 26]. High blood pressure was the most consistent risk factor for
LI. Our finding of the negative correlation between serum total, HMW, and MMW adiponec-
tin levels and sBP or dBP fit well with the cause of LI. The mRS score is considered a prognos-
tic indicator of stroke. To preliminarily examine the relationship between adiponectin levels
and disability or prognosis in cerebral infarction we chose mRS that has been most widely
applied for evaluating recovery from stroke and is also commonly used as a functional progno-
sis evaluation item in clinical studies. However, mRS is based on the subjective evaluation of
the evaluator and it is also known that there are considerable fluctuations. In the present study,
for consistency of validity and reliability of the mRS, scoring with interview was performed by
cerebral stroke specialists. The positive correlations among serum total, HMW, and LMW adi-
ponectin levels and mRS score suggest that these adiponectins may be compensatorily upregu-
lated in advanced disease stages.

The positive correlations among serum total, HMW, and LMW adiponectin levels and
mRS score suggest that these adiponectins may be compensatorily upregulated in advanced
disease stages. Therefore, it is difficult to directly determine the prognosis and dysfunction
from the adiponectin levels, and it is necessary to consider various factors and interpret the
relation.
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This study examined serum levels of multimeric adiponectin at only one point after onset.
Other studies have reported improvement of serum adiponectin levels and functional recovery
by post-stroke treatment and rehabilitation. Biomarkers should be useful for disease detection,
prognosis determination, follow-up, and therapeutic effect determination. It is necessary that
comparison of serum multimeric adiponectin levels between after onset and after a period
when functional recovery is observed [27-30].

In subjects with cerebral infarction, we also found a negative correlation between serum
LMW adiponectin and hs-CRP levels. However, this relationship has been reported in female
patients with AT and LI. Ridker et al. [31] demonstrated that the serum CRP level was slightly
higher in myocardial infarction or symptomatic ischemic cerebrovascular disease before onset.
The group with high serum hs-CRP levels had a high frequency of ischemic cerebrovascular
disorders. hs-CRP is regarded as an independent predictor of symptomatic cerebral vascular
disorders. Atherosclerosis has been attributed to damage to the vascular endothelium resulting
from hypertension, hyperglycemia, oxidative LDL, inflammatory substances, free radicals, and
smoking. As a result of the damage to endothelial cells, adhesion molecules, such as monocyte
chemoattractant protein-1, intercellular adhesion molecule-1 (ICAM-1), and vascular cell
adhesion molecule-1 (VCAM-1), are expressed on endothelial cells and induce the adhesion
and infiltration of monocytes into the vascular intima. Monocytes that infiltrate the vascular
intima differentiate into macrophages, and the formation of foam cells from macrophages is
induced by oxidized LDL. Proinflammatory cytokines produced by foam cells within the pla-
que contribute to localized inflammation. Serum CRP level is a marker that reflects the extent
of atherosclerosis and is a useful predictor of ischemic cerebrovascular disease and ischemic
heart disease [32]. However, recent studies have noted the possibility that CRP is not only a
marker of inflammation but also an accelerator of atherosclerosis [33, 34]. Furthermore, CRP
is known to be deposited in the inflammatory regions. Bhakdi et al. [35] found that CRP was
deposited in oxidized LDL, which plays an important role in the formation of atherosclerosis,
and that CRP activated the expression of VCAM-1 and ICAM-1 in endothelial cells.

HMW adiponectin, which mainly activates AMP kinase, has anti-apoptotic activity in
endothelial cells [14], and suppresses cell proliferation. Therefore, HMW adiponectin is
thought to be the major active form of this protein. On the other hand, MMW and LMW adi-
ponectin are thought to be related to central actions [22]. However, there are few reports of
MMW and LMW adiponectin being involved in the suppression of cardiovascular diseases
and improvement of insulin resistance.

Hs-CRP is considered a predictive factor for cardiovascular events. The results of this study
indicate that LMW adiponectin, which is not considered to be a major active form, is a bio-
marker of cerebral infarction because LMW adiponectin was negatively correlated with serum
hs-CRP. Hs-CRP is an excellent marker of general inflammatory response, but it does not
appear to be a specific marker of cerebral infarction. Our data indicate that LMW adiponectin is
more useful than hs-HRP as a marker of cerebral infarction. Analyzing the correlation between
adiponectin and various factors is an effective tool for searching for biomarkers. If adiponectin
impairs the functional molecular process, it may be directly reflected and predict the diagnosis,
prognosis, and course of the disease. In addition, it must be considered that the receptor or sig-
nal transduction of adiponectin is impaired. It is also necessary to know that when the optimal
concentration range of serum adiponectin or the factor to be examined is narrow, the correla-
tion becomes positive or negative due to abnormally low or abnormally high values.

There are several limitations to this study. First, the sample size was small. Second, there
were no significant differences in any of the serum adiponectin multimer levels among the
stroke subtypes in female patients. This study targeted patients aged 74 £ 11 years. Women of
this age are considered menopausal. Reduction in estrogen due to menopause has been
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associated not only with menopausal disorder, osteoporosis, and atrophic vaginitis, but also
with cardiovascular diseases, such as myocardial infarction and stroke. The incidence of dysli-
pidemia in men younger than 50 years is higher than that in women, but its incidence in
women older than 50 years increases rapidly and then exceeds that in men. In women in the
menstruating age group, estrogen is thought to have a positive effect on lipid metabolism and
suppress the development of arteriosclerosis. Menopause is associated with changes in body
composition including changes in deposition of subcutaneous fat to visceral fat, independent
of changes caused by aging. Similarly, the change in body fat distribution is also related to the
development of endocrine and metabolic disorders, independent of the decline in estrogen.
Visceral fat measurements have been performed as direct methods using computer tomogra-
phy and magnetic resonance imaging as direct methods, but there are still limitations due to
the lack of sensitive tools for measuring body composition. Therefore, future studies that
include women in the menstruating age group are needed to confirm the relationship between
adiponectin multimers and subtypes of cerebral infarction.

Conclusion

In conclusion, we demonstrated that serum levels of total, HMW, and LMW adiponectin were
lower in patients with AI than in those with CE. In female patients with Al and LI, there were
negative correlations between serum LMW adiponectin levels and hs-CRP levels. Our data
suggest that the decrease in adiponectin may be associated with AI and that serum LMW adi-
ponectin level represents a useful biomarker for cerebrovascular disorders.
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