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Background/Aims: Useful biomarkers for metabolic syndrome have been insufficient. We investigated the performance
of serum milk fat globule-EGF factor-8 (MFG-ES), the key mediator of inflammatory pathway, in diagnosis of metabolic
syndrome.

Methods: Subjects aged between 30 and 64 years were prospectively enrolled in the Seoul Metabolic Syndrome cohort.
Serum MFG-E8 levels were measured at baseline.

Results: A total of 556 subjects were included, comprising 279 women (50.2%) and 277 men (49.8%). Metabolic
syndrome was diagnosed in 236 subjects (42.4%), and the mean MFG-E8 level of subjects with metabolic syndrome
was significantly higher than that of subjects without metabolic syndrome (P<0.001). MFG-E8 level was significantly
correlated with all metabolic syndrome components and pulse wave velocity (all P<0.05). Subjects were categorized
into two groups according to the best MFG-E8 cut-off value as follows: group 1, MFG-E8 level <4,745.1 pg/mL (n=401,
72.1%); and group 2, MFG-E8 level >4,745.1 (n=155, 27.9%). At baseline, metabolic syndrome in group 2 was significantly
more prevalent than in group 1 (63.9% vs. 34.2%, P<0.001). During median follow-up of 17 months, metabolic syndrome
developed in 122 (38.1%) subjects among 320 subjects without it at baseline. The incidence of metabolic syndrome in
group 2 was significantly higher than that in group 1 (55.4% vs. 34.5%, P=0.003). On multivariate analysis, MFG-E8 level
>4,745.1 pg/mL was an independent predictor for diagnosis and development of metabolic syndrome after adjusting
other factors (all P<0.05).

Conclusions: Serum MFG-E8 level is a potent biomarker for the screening and prediction of metabolic syndrome. (Clin

Mol Hepatol 2021;27:463-473)
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Study Highlights

Reliable biomarkers for diagnosis and prediction of metabolic syndrome have been required. This prospective cohort study shows that subjects
with higher serum MFG-E8 level have a higher risk for metabolic syndrome and further development, which indicates that serum MFG-E8 could be

an useful biomarker in screening of metabolic syndrome.

INTRODUCTION

Metabolic syndrome is a cluster of metabolic derangements
caused by central obesity and insulin resistance, and presents in-
creased cardiovascular disease risk as their clinical outcome.' Pa-
tients with metabolic syndrome are at increased risk of cardiovas-
cular disease-related mortality and all-cause mortality. Thus, early
detection and intervention of metabolic syndrome are imperative.
However, frequently, diagnosis of metabolic syndrome is only pos-
sible after complications have already begun.*’

Screening metabolic syndrome with a single serum biomarker is
difficult, as it encompasses a wide range of disorders that develop
at various times.** Several diagnostic criteria for metabolic syn-
drome which designate values for obesity, hypertension, hypergly-
cemia, triglyceride and high density lipoprotein (HDL)-cholesterol
levels, and urine albumin have been outlined.® In addition, novel
biomarkers were discovered to aid in earlier diagnosis when clini-
cal signs are not obvious.”® While numerous studies have evaluat-
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ed various cytokines and adipokines thought to be useful as bio-
markers, no single biomarker alone has been found to be indicative
of metabolic syndrome.”® Nevertheless, the development of im-
proved biomarkers is needed to identify individuals with metabolic
syndrome and decrease the overall prevalence of the disease in
general population using an easy and less invasive method.
Although the entire mechanism of metabolic syndrome is yet to
be determined, it is suggested that systemic oxidative stress pro-
motes chronic inflammation, resulting in altered endothelial func-
tion and impaired lipid metabolism, and affecting insulin sensitivi-
ty."" Milk fat globule-EGF factor-8 (MFG-E8) is a multifunctional
glycoprotein originally identified as part of the milk fat globule
membrane which regulates inflammation through integrin-medi-
ated clearance of apoptotic cells.”"” In addition, previous studies
reported that MFG-E8 promotes obesity by mediating uptake of
dietary fats and serum fatty acids.""® MFG-E8 also acts as a
bridging molecule between phosphatidylserine on extracellular
vesicles and integrins on various cells.'®" Extracellular vesicles

http://www.e-cmh.org



play important roles in intercellular communication by exchanging
substances including lipids."® All these pathways that serum MFG-
E8 involves in are pathogenic processes of metabolic syndrome.
Thus, we hypothesized that serum MFG-E8 level could feasibly
serve as a biomarker for detecting metabolic syndrome in general
population.

Hence, we performed this study on Seoul Metabolic Syndrome
(S-MAS) cohort, consisting of subjects aged 30 to 64 years with
no history of cardiovascular disease. We investigated the predic-
tive performance of serum MFG-E8 level for the diagnosis and
prediction of the development of metabolic syndrome.

MATERIALS AND METHODS

Subjects

This is a prospective study on the S-MAS cohort performed by
Korea University Anam Hospital in Seoul, Korea. This study origi-
nally aimed to investigate significant prognostic factors and de-
velop valuable prognostic models in metabolic syndrome patients.
A total of 1,130 subjects between 30 and 64 years of age were
enrolled from 25 public healthcare centers from January to Sep-
tember 2014. Subjects with previous history of angina pectoris,
myocardial infarction, stroke, or any revascularization were ex-
cluded. Medical examination, standardized questionnaire assess-
ment, laboratory and hemodynamic measurements were per-
formed at baseline. A total of 756 participants were visited for

1,130 subjects in Seoul Metabolic Syndrome study
from January 2014 to September 2014
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follow-up evaluation until November 2017. The exclusion criteria
were as follows: 1) insufficient clinical or laboratory data, 2) lost
to follow-up, 3) history of any malignancy, 4) history of autoim-
mune disease, 5) history of organ transplantation, and 6) history
of immunosuppressant drugs (Fig. 1). This study protocol followed
the ethical guidelines of the 1975 Declaration of Helsinki, and the
Institutional Review Board of Korea University Anam Hospital ap-
proved this study (IRB No. ED13087). Written informed consent
was obtained from each subject.

Definition of metabolic syndrome

Metabolic syndrome was defined according to the criteria of the
joint interim statement of the International Diabetes Federation
Task Force on Epidemiology and Prevention, the National Heart,
Lung, and Blood Institute, the American Heart Association, the
World Heart Federation, the International Atherosclerosis Society,
and the International Association for the Study of Obesity in
2009.° Accordingly, metabolic syndrome was defined as involving
three of the following five criteria: 1) increased waist circumfer-
ence (290 ¢cm in men and =80 c¢m in women), 2) elevated serum
triglyceride level (=150 mg/dL) or drug treatment for elevated tri-
glyceride level, 3) reduced serum HDL-cholesterol level (<40
mg/dL in men and <50 mg/dL in women) or drug treatment for
reduced HDL-cholesterol level, 4) elevated blood pressure (BP)
(2130/85 mmHg) or use of antihypertensive medication, and
5) elevated fasting glucose level (fasting plasma glucose >100
mg/dL) or drug treatment for elevated glucose level.

Exclusion criteria

(
(
(
(

1) Insufficient clinical or laboratory data (n=98)
2) Lost to follow-up (n=374)

3) History of any malignancy (n=56)

4) History of autoimmune disease (n=32)

(5) History of organ transplantation (n=2)

(6) History of immunosuppressant drugs (n=12)

556 subjects were finally included

Group 1
MFG-E8 level <4,745.1 pg/mL
(n=401,72.1%)

Group 2
MFG-E8 level >4,745.1 pg/mL
(n=155, 27.9%)
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Figure 1. Flowchart of enrolled subjects. MFG-E8, milk fat globule-EGF
factor 8 protein.
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Clinical evaluation and laboratory measurements

Each subject answered a self-administered questionnaire re-
garding medical history, anti-diabetic, anti-hyperlipidemic, and
anti-hypertensive treatment, alcohol intake, and smoking habit at
baseline. Alcohol intake and smoking habit were classified as ei-
ther current or not current.

Blood samples were collected from each subject after an over-
night fast of at least 10 hours at baseline and follow-up examina-
tions. Sitting BP was measured in each arm, and the average val-
ue was calculated for analyses. Height and body weight were
measured in light clothing without shoes. Pulse wave velocity was

measured from carotid-radial artery with non-invasive applana-
tion tonometry. Serum specimens collected at baseline were
stored at -80°C until the measurement of serum MFG-E8 levels.
Serum MFG-E8 levels was determined using an enzyme-linked im-
munosorbent assay kit (OFGE80; R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions.

Statistical analysis

Data are presented as mean (interquartile range) or numbers
with percentages. The statistical significance of differences be-
tween continuous and categorical variables was compared using

Table 1. Baseline characteristics of the study subjects according to the presence of metabolic syndrome

Variable All subjects Subjects without metabolic  Subjects with metabolic p-value
(n=556) syndrome (n=320) syndrome (n=236)
Demographic variables
Age (years) 551+6.5 55.6+6.1 54.3+7.0 0.026
Male 277 (49.8) 133 (41.6) 144 (61.0) <0.001
Waist circumference (cm) 879+8.0 85.0+7.7 91.8+6.6 <0.001
Body mass index (kg/m’) 258429 25.0£29 26.842.6 <0.001
Alcohol drinking 325 (58.5) 181 (56.6) 144 (61.0) 0.292
Current smoker 212 (38.1) 117 (36.6) 95 (40.3) 0376
Monthly income (won) 0.060
None 09 (19.6) 72(22.5) 37(157)
010 2,000,000 05(18.9) 56 (17.5) 49 (20.8)
2,000,000 to 4,000,000 290 (52.2) 157 (49.1) 133 (56.4)
>4,000,000 52(94) 35(10.9) 17(7.2)
Regular exercise 226 (40.6) 141 (44.1) 85 (36.0) 0.056
Systolic blood pressure (mmHg) 12744141 123.8413.5 13234134 <0.001
Diastolic blood pressure (mmHg) 81.649.3 79.4+9.0 84.7+8.7 <0.001
Laboratory variables
Total cholesterol (mg/dL) 198.2£34.3 198.5+£34.9 197.8+33.5 0.810
LDL-cholesterol (mg/dL) 128.2+33.3 131.0£329 129.5+334 0.124
HDL-cholesterol (mg/dL) 51.5£12.5 55.3+119 46.3£114 <0.001
Triglyceride (mg/dL) 15744927 1204+51.3 2075+111.0 <0.001
Glucose (mg/dL) 100.8+18.9 96.7+14.1 106.3+22.8 <0.001
Creatinine (mg/dL) 0.83+0.16 0.82+0.15 0.85+0.16 0.001
High sensitivity CRP (mg/dL) 1.27£243 1.10£1.85 1.49+3.04 0.064
Apolipoprotein Al (mg/dL) 773+15.8 784415.3 75.8£16.5 0.081
MFG-E8 (pg/mL) 4,195.0£1,735.7 3,786.0£1,329.5 4,7494+2,044.4 <0.001
Pulse wave velocity (m/s) 13921 13.7£2.2 14.2+£198.5 0.005

Values are presented as meanstandard deviation or number (%).

LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein; MFG-E8, milk fat globule-EGF factor 8 protein.
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Figure 2. Correlation of serum MFG-E8 level and components of metabolic syndrome. (A) Waist circumference. (B) Diastolic blood pressure. (C) Total
cholesterol. (D) HDL-cholesterol. (E) Triglyceride. (F) Glucose levels. MFG-E8, milk fat globule-EGF factor 8 protein; HDL, high-density lipoprotein.
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Student’s t-test or Mann-Whitney U test and chi-square test, re-
spectively. The predictive accuracy for metabolic syndrome was
assessed using area under the receiver operating characteristic
curves (AUROCs) as well as 95% confidence intervals (Cls). Opti-
mal cut-off values were selected to maximize the sum of sensitivi-
ty and specificity. The logistic regression analysis was used to
evaluate the association between risk factors and metabolic syn-
drome, and Cox regression analysis was performed for further
metabolic syndrome development. Associations were presented
as odds ratios (ORs) or hazard ratios (HRs) with 95% Cls. Statisti-
cal analyses were conducted using IBM SPSS Statistics software
(version 23.0.0.0; IBM Corporation, Armonk, NY, USA). Two-sided
P-values <0.05 were considered significant.

RESULTS
Baseline characteristics

The baseline characteristics of the study subjects are presented
in Table 1. A total of 556 subjects were included. The study sub-
jects consisted of 279 women (50.2%) and 277 men (49.8%). The
mean age of the subjects was 55.1 years. One hundred and three
(18.5%) of the study population had diabetes and 299 (53.8%)
had hypertension, respectively. Among all included subjects, 236
(42.4%) were defined as having metabolic syndrome at baseline.
Subjects with metabolic syndrome had significantly younger age,
higher mean body mass index (BMI), higher mean serum creati-
nine, and higher mean pulse wave velocity than those without
metabolic syndrome (all P<0.05). The proportion of male was
higher in subjects with metabolic syndrome than in those without
(P<0.001). The mean total cholesterol and low-density lipoprotein
(LDL)-cholesterol levels were comparable between two groups (all
P>0.05). The mean serum MFG-E8 level of subjects with meta-
bolic syndrome was significantly higher than that of subjects
without metabolic syndrome (4,749.4 vs. 3,786.0 pg/mL, P<0.001).

Correlation of serum MFG-E8 level and metabolic
syndrome components

Serum MFG-E8 level was significantly correlated with waist cir-
cumference (Pearson’s correlation coefficient, 0.112; P=0.008),
diastolic BP (0.146, P=0.001), serum total cholesterol (0.121,
P=0.005), HDL-cholesterol (-0.160, P<0.001), triglyceride (0.618,
P<0.001), glucose (0.213, P<0.001) levels, and pulse wave veloci-
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ty (0.134, P=0.002) (Fig. 2). In addition, serum MFG-E8 level was
significantly higher in subjects with diabetes than in those with-
out (4,558.5 vs. 4,112.3 pg/mL, P=0.018).

Prevalence of metabolic syndrome and patient
characteristics at baseline according to the groups
classified by serum MFG-E8 level

The AUROC of the serum MFG-E8 level for the presence of met-
abolic syndrome at baseline was 0.644 (95% Cl, 0.597-0.691;
P<0.001) (Fig. 3). The optimal cut-off value of the serum MFG-E8
level for the diagnosis of metabolic syndrome was 4,745.1 pg/mL
(sensitivity 41.9%, specificity 82.5%, positive predictive value
63.9%, negative predictive value 65.8%). Subjects were catego-
rized into two groups according to the serum MFG-E8 level as fol-
lows: group 1, serum MFG-E8 level <4,745.1 pg/mL (n=401,
72.1%); group 2, serum MFG-E8 level 24,7451 (n=155, 27.9%).

At baseline, the prevalence of metabolic syndrome in group 2
was significantly higher than that in group 1 (63.9% vs. 34.2%,
P<0.001). The prevalence of diabetes, hypertension, and dyslipid-
emia at baseline was comparable between two groups (all
P>0.05). Male sex was significantly more prevalent in group 2
than in group 1 (63.2% vs. 44.6%, P<0.001). The mean waist cir-
cumference, diastolic BP, total cholesterol, triglyceride, glucose,
creatinine levels, and pulse wave velocity of group 2 were signifi-

1.0 1
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Sensitivity (%)

04

0.2 A

00 + T T T T
0.0 0.2 04 06 0.8 1.0

T-specificity (%)

Figure 3. AUROC of MFG-E8 level in the diagnosis of metabolic syn-
drome at baseline. AUROC, area under the receiver operating character-
istic curve; MFG-E8, milk fat globule-EGF factor 8 protein.
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cantly higher than those of group 1 (all £<0.05). The mean HDL-
cholesterol level of group 2 was significantly lower than that of
group 1 (P<0.001) (Table 2).

Prevalence of metabolic syndrome and patient
characteristics at follow-up according to the groups
classified by serum MFG-E8 level

During the follow-up period of median 17 months, metabolic
syndrome newly developed in 122 (38.1%) of 320 subjects with-
out metabolic syndrome at baseline. The incidence of metabolic
syndrome in group 2 was significantly higher than that in group 1
(55.4% vs. 34.5%, P=0.003). The prevalence of diabetes, hyper-
tension, and dyslipidemia at follow-up was comparable between
two groups (all £>0.05). At follow-up, the mean diastolic BP, total
cholesterol, triglyceride levels, and pulse wave velocity of group 2
were significantly higher than those of group 1 (all P<0.05). The
mean HDL-cholesterol level of group 2 was significantly lower
than that of group 1 (P<0.001) (Supplementary Table 1).

The proportions and characteristics of patients according to the
changes of the presence of metabolic syndrome are presented in

Han Ah Lee, et al.
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Supplementary Table 2. The mean MFG-E8 level was 3,636.4 pg/mL
in subjects without metabolic syndrome (n=198, 35.6%), 4,029.0
pg/mL in subjects who developed metabolic syndrome at follow-
up (n=122, 21.9%), 4,440.6 pg/mL in subjects with disappeared
metabolic syndrome at follow-up (n=72, 12.9%), and 4,885.0 pg/mL
in subjects with sustained metabolic syndrome). The mean MFG-
E8 level of subjects with sustained metabolic syndrome was sig-
nificantly higher than that of subjects without metabolic syn-
drome and those who developed metabolic syndrome at follow-
up (all P<0.001).

Predictors for diagnosis and further development of
metabolic syndrome

Independent predictors for diagnosis and further development
of metabolic syndrome were investigated (Table 3). In univariate
analysis, younger age, male sex, higher BMI, lower LDL-cholester-
ol, higher creatinine level and MFG-E8 level 24,745.1 pg/mL were
significantly related to the higher probability for metabolic syn-
drome at baseline (all P<0.05). Multivariate analysis showed that
male sex (OR, 1.818; 95% Cl, 1.076—-3.074; P=0.026), higher BMI

Table 2. Baseline characteristics of the study subjects according to the groups classified by serum MFG-E8 level

Variable Group 1 (n=401, 72.1%) Group 2 (n=155, 27.9%) P-value
Age (years) 56.0+6.6 55.1+64 0977
Male 179 (44.6) 98 (63.2) <0.001
Waist circumference (cm) 87.3+8.0 89.3£77 0.008
Body mass index (kg/m’) 257429 259429 0479
Alcohol drinking 226 (56.4) 99 (30.5) 0.107
Current smoker 154 (38.4) 58 (374) 0.830
Systolic blood pressure (mmHg) 126.8414.6 12914125 0.087
Diastolic blood pressure (mmHg) 80.8+94 83.8+8.5 <0.001
Total cholesterol (mg/dL) 195.5433.0 205.3+36.4 0.002
LDL-cholesterol (mg/dL) 128.2+31.6 128.3+374 0.988
HDL-cholesterol (mg/dL) 5294129 47.8+10.7 <0.001
Triglyceride (mg/dL) 130.4+59.5 227141223 <0.001
Glucose (mg/dL) 99.0+14.7 105.5+26.3 0.004
Creatinine (mg/dL) 0.82+0.16 0.85+0.16 0.029
High sensitivity CRP (mg/dL) 1.21£2.30 1.40+2.75 0415
Apolipoprotein Al (mg/dL) 77.3£16.0 7744153 0.905
Pulse wave velocity (m/s) 13.842.1 142422 0.017
Values are presented as mean+standard deviation or number (%).

Group 1, serum MFG-E8 level <4,745.1 pg/mL; and group 2, serum MFG-E8 level >4,745.1 pg/mL.

MFG-E8, milk fat globule-EGF factor 8 protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein.
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Table 3. Predictors for diagnosis and further development of metabolic syndrome

Metabolic syndrome at baseline

Metabolic syndrome development at follow-up

Variable Univariate Multivariate Univariate Multivariate
P-value OR (95% Cl) P-value P-value HR (95% CI) P-value

Age (years) 0.024 0.993 (0.964-1.022) 0.628 0.016 0.981 (0.954-1.008) 0.162
Male <0.001 1.818 (1.076-3.074) 0.026 0.051

Body mass index (kg/mz) <0.001 1.273 (1.183-1.369) <0.001 <0.001 1.137 (1.067-1.212) <0.001
Alcohol drinking 0.872 0.998

Current smoker 0.801 0.360

Regular exercise 0.057 0.022 0.714 (0.502-1.016) 0.061
Total cholesterol (mg/dL) 0.809 0.521

[DL-cholesterol (mg/dL) 0.024 0.994 (0.989-1.000) 0.085 0975

Creatinine (mg/dL) 0.001 0.667 (0.126-3.525) 0.633 0.120

High sensitivity CRP (mg/dL) 0.081 0.330

Apolipoprotein Al (mg/dL) 0.061 0330

MFG-E8 >4,745.1 pg/mL <0.001 3493 (2.298-5.311) <0.001 <0.001 1.971 (1.333-2.915) 0.001

Logistic regression analysis was performed for metabolic syndrome at baseline, and Cox regression analysis was performed for metabolic syndrome

development.

OR, odds ratio; Cl, confidence interval; HR, hazard ratio; LDL, low-density lipoprotein; CRP, C-reactive protein; MFG-E8, milk fat globule-EGF factor 8 protein.

(OR, 1.273; 95% Cl, 1.183-1.369; P<0.001), and MFG-ES8 level
24,745.1 pg/mL (OR, 3.493; 95% Cl, 2.298-5.311; P<0.001) were
independent predictors for metabolic syndrome at baseline. In ad-
dition, higher BMI (HR, 1.137; 95% Cl, 1.067-1.212; P<0.001),
MFG-E8 level 24,745.1 pg/mL (HR, 1.971; 95% Cl, 1.333-2.915;
P=0.001) were significantly related to development of metabolic
syndrome at follow-up.

DISCUSSION

The screening and prediction of metabolic syndrome are consid-
ered to be of great importance for public health; however, the
useful single biomarker for metabolic syndrome has not been es-
tablished yet. In this prospective cohort study, we investigated the
diagnostic and predictive performance of serum MFG-E8 levels in
metabolic syndrome. Subjects with serum MFG-E8 level >4,745.1
pg/mL exhibited a significantly higher risk for metabolic syndrome.
The risk for further development of metabolic syndrome was also
significantly higher in subjects with serum MFG-E8 level >4,745.1
pg/mL. In addition, MFG-E8 level >4,745.1 pg/mL was an inde-
pendent predictor for metabolic syndrome following adjustment
for other important factors including smoking, alcohol status, and
other biomarkers.
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The best cut-off value of serum MFG-E8 level for the presence
of metabolic syndrome was 4,745.1 pg/mL with a sensitivity of
41.9% and specificity of 82.5%. When subjects were classified
into two groups with this cut-off value, the prevalence of meta-
bolic syndrome was significantly different between groups (63.9%
vs. 34.2%, P<0.001). In a previous study, adiponectin showed a
52.3% and 37.5% prevalence of metabolic syndrome in men and
women, respectively, with its best cut-off value.” In another study,
the AUROC of adiponectin for the diagnosis of metabolic syn-
drome was 0.682-0.644.” Compared to adiponectin, serum
MFG-E8 could be a comparable or better surrogate marker for the
diagnosis of metabolic syndrome. Recently, the leptin/adiponectin
ratio showed an AUROC of 0.771-0.778 in the diagnosis of meta-
bolic syndrome.®* Studies comparing these biomarkers in a single
cohort are needed for further validation.

Serum MFG-E8 showed a significant correlation with all compo-
nents of metabolic syndrome, including waist circumference, dia-
stolic BP, serum total cholesterol, HDL-cholesterol, triglyceride,
glucose levels, and pulse wave velocity (all £<0.05). In contrast,
because adiponectin and leptin are adipokines closely linked to
lipid metabolism, these markers had a lower correlation with glu-
cose level,® which is the major component of metabolic syndrome.
MFG-E8 also had a significant association with pulse wave veloci-
ty in this study, which is in accordance with the results of previous
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studies, suggesting that MFG-E8 could be a promising diagnostic
biomarker in vascular disease.””” It is suggested that MFG-E8
cause an age-associated increase in extracellular matrix adhesion
molecules. Likewise, MFG-E8 could be useful not only in the diag-
nosis of metabolic syndrome but also in predicting its complica-
tion risk.

Among the patients without metabolic syndrome at baseline,
the subgroup with MFG-E8 level >4,745.1 pg/mL had higher met-
abolic syndrome development rate than the other subgroup
(55.4% vs. 34.5%, P=0.003). Considering the relatively short ob-
servational period of a median 17 months, this result suggests
that subjects with higher MFG-E8 level should be closely moni-

.2 investi-

tored for metabolic syndrome development. Cho et a
gated the predictive potential of adiponectin and visceral adipose
tissue in the same cohort as the present study. During the same
observational period, the highest incidence of metabolic syn-
drome was 46.15% in one subgroup, which is lower than that in
the present study. In addition, considering the cost and conve-
nience, serum MFG-E8 level seems to be more beneficial than the
combination of adiponectin and visceral adipose tissue measure-
ment.

We observed that the higher BMI and MFG-ES8 level >4,745.1
pg/mL were independent predictors for both diagnosis and further
development of metabolic syndrome (all <0.05). This finding ad-
ditionally supports the value of serum MFG-E8 as a diagnostic
and predictive marker of metabolic syndrome. MFG-E8 is a pe-
ripheral membrane glycoprotein that is universally distributed and
expressed abundantly in various organs.” It has multiple func-
tions including the clearance of apoptotic cells,” suppression of
proinflammatory cytokines,” arterial remodeling and angiogene-
sis.”**® These various mechanisms play important role in progres-
sion of metabolic syndrome.””*® To our knowledge, we firstly in-
vestigated the correlation of serum MFG-E8 level and metabolic
syndrome. Previous studies have shown conflicting results regard-
ing the correlation of MFG-E8 and pathological status in various
diseases.””>" In this study, a positive association was observed
between serum MFG-E8 level and the presence of metabolic syn-
drome. This may be because the pathogenesis and organ damage
of metabolic syndrome are complicated and involve various sig-
naling pathways, in which MFG-E8 may play both proinflammato-
ry and anti-inflammatory roles. Although the exact roles of MFG-
E8 in metabolic syndrome have not been clarified in this study, we
believe that MFG-E8 mainly contributes to the proinflammatory
role in these subjects with mild and early disease status, because
subjects with a previous history of angina pectoris, myocardial in-
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farction, stroke, or any revascularization were excluded from this
study.

This study has several limitations. First, the sample size was
small for sufficient evaluation of the diagnostic performance of a
biomarker. Clinical practice-based large, prospective studies are
needed to assess its clinical utility on patient outcomes. Second,
although this study was designed for a community-based cohort,
enrollment was performed at a single center. Therefore, selection
bias might be present, and this S-MAS cohort may not represent
the general population in the community. Third, because of the
short observation period and high rate of follow-up loss, the pre-
dictive performance of the biomarker could not be fully evaluated.
Fourth, the serum MFG-E8 level was only measured at baseline,
which limits its serial assessment with disease progression. Final-
ly, the exact mechanism and role of MFG-E8 in disease develop-
ment and progression has not been clarified and needs to be in-
vestigated in the future.

In conclusion, subjects with higher serum MFG-E8 level have a
higher risk for metabolic syndrome and further development, even
after adjusting for other important factors. Therefore, MFG-E8
could be an useful biomarker in screening for and serial monitor-
ing of metabolic syndrome.
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