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Aim: Metabolic inflammation syndrome (MIS) can lead to a series of complications, but its exact 
inflammatory mechanism is still unclear. The aim of this study was to explore the correlation 
between heparanase (HPA) and MIS, and the close relationship between HPA and other chronic 
low-grade inflammation index, such as C-reactive protein (CRP) and interleukin-6 (IL-6).
Methods: A total of 105 patients with MIS in the physical examination population of 
Huashan Hospital affiliated to Fudan University from May to June 2018 were selected as 
the MIS group, and 52 patients who were relatively healthy during the same period were 
used as the control group. The basic clinical data of the selected candidates were collected, 
the levels of serum HPA, CRP and IL-6 were measured by ELISA, and the levels of blood 
glucose and blood lipids were also detected.
Results: Compared with the control group, the levels of HPA, CRP, IL-6, FBG, HbA1C, and 
TG of MIS group were all significantly elevated (all P<0.05), and HDL-C levels were 
considerably reduced (P<0.05). Correlation analysis showed that there was a noticeably 
positive correlation between serum HPA level and CRP, IL-6 levels (P<0.05).
Conclusion: Higher HPA levels might play a certain role in the occurrence and develop-
ment of MIS. There was a certain close correlation between serum HPA level and CRP and 
IL-6 levels, and which indicated that HPA was involved in the chronic low-grade inflamma-
tory reaction process of MIS.
Keywords: metabolic inflammatory syndrome, MIS, heparanase, HPA, C-reactive protein, 
CRP, interleukin-6, IL-6, chronic low-grade inflammation, CLGI

Introduction
Metabolic Inflammatory Syndrome (MIS) is a novel concept of holistic integrative 
medicine for management of metabolic diseases, which encompasses atherosclero-
sis (AS), type 2 diabetes mellitus (T2DM), non-alcoholic fatty liver disease 
(NAFLD), and obesity. MIS is diagnosed in patients with two or more of the 
above four metabolic conditions.1 Studies have shown that in patients with 
T2DM, the detection rate of MIS is higher than that of metabolic syndrome 
(MS), so MIS is more likely to occur in inflammation-related metabolic diseases.1 

The concept and diagnosis of MIS will help the early detection of AS, T2DM, 
NAFLD and obesity, and will encourage early screening for AS in patients with 
T2DM, NAFLD and obesity.

Heparanase (HPA) is associated with inflammatory responses, and various 
immune cells including macrophages could secrete HPA.2 The inflammatory 
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effect of HPA is closely related to its degradation of 
heparan sulfate proteoglycan (HSPG). The islet base-
ment membrane is rich in heparan sulfate proteogly-
cans, which protects the islets from immune 
destruction. The destruction of this structure is an 
indication of the occurrence of autoimmune pancreati-
tis or diabetes.3 The study of Shafat et al4 found that 
serum HPA levels in patients with T2DM were signifi-
cantly higher than in normal people. Therefore, HPA 
may play an important role in the occurrence and 
development of T2DM. Related studies have shown 
that the level and activity of HPA in atherosclerotic 
lesions increases as the disease progresses, and that the 
level and activity of HPA in unstable plaques are sig-
nificantly higher than those in stable plaques, indicat-
ing that HPA is not only involved in the formation of 
initial plaque lesions, but also in the evolution of stable 
plaques into vulnerable plaques.5 Muhammad et al6 

used ApoE-deficient mice and found that hepatic stea-
tosis was reduced in mice injected with the HPA inhi-
bitor PG545, and the weight gain was reduced 
compared with mice not injected with PG545, indicat-
ing that HPA and liver steatosis related to weight gain. 
Therefore, previous research suggests that there is 
a certain correlation between the four components of 
MIS and HPA. However, there is no report on the 
correlation between HPA and MIS. Therefore, this 
article intends to explore the intrinsic correlation 
between HPA and MIS by detecting serum HPA levels 
and chronic low-grade inflammation (CLGI) related 
indicators CRP, IL-6 levels in patients with MIS.

Materials and Methods
Participants and Ethics
One hundred and five cases of MIS patients in the 
geriatric physical examination population of Huashan 
Hospital affiliated to Fudan University from May to 
June 2018 were selected as the case group, aged 60– 
85 years; 52 cases of relatively healthy physical exam-
ination during the same period were selected as the 
control group, aged 60–85 years. All subjects signed 
the informed consent. This study was performed in 
accordance with the Declaration of Helsinki (2013) of 
the World Medical Association, and approved by the 
ethics committee of Huashan Hospital, Fudan 
University (No.2015–127).

Inclusion Criteria and Exclusion Criteria
Patients with at least two of the following four diagnoses 
(AS, T2DM, NAFLD, or obesity) were diagnosed as 
MIS.1 According to the diagnostic criteria of MIS, patients 
diagnosed as MIS were included in the case group. And 
the diagnostic criteria of the four diagnoses were as 
follows:

1. The diagnosis of T2DM is based on the diagnostic 
criteria for diabetes established by the World Health 
Organization (WHO) in 1999.7

2. The diagnosis of NAFLD was based on the “World 
Gastroenterology Organisation global guidelines: 
Nonalcoholic fatty liver disease and nonalcoholic steato-
hepatitis“ developed in 2014.8

3. The diagnosis of AS is based on the patient’s related 
auxiliary examinations.9

4. BMI≥25kg /m2 was used as a diagnostic standard for 
obesity.

Exclusion criteria:
1. Type 1 diabetes, severe diabetic complications, other 

special types of diabetes,
2. History of alcohol abuse or alcohol consumption 

converted to ethanol is more than 140g/week for men 
and 70g/week for women,

3. Autoimmune diseases, such as rheumatoid arthritis, 
systemic lupus erythematosus, ankylosing spondylitis, etc,

4. Acute and chronic infections,
5. Patients with malignant tumors or after surgery for 

malignant tumors,
6. Severe organ dysfunction,
7. Hyperthyroidism or hypothyroidism,
8. Patients with mental illness.

Clinical Data
The participants’ clinical information was collected by 
trained physicians through face-to-face inquiry, including: 
age, gender, alcohol consumption, previous medical 
history.

Anthropometric and Blood Pressure 
Measurements
All participants were measured for height (cm) and weight 
(kg). Weight was measured with a digital scale with an 
accuracy of 0.1 kilogram. The height was measured bare-
foot, and the accuracy of height meter was 1cm. Blood 
pressure was measured with an electronic sphygmoman-
ometer, after 15-min rest in a sitting position.
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Laboratory Procedures
All the subjects were taken fasting elbow vein blood in the 
resting state of the next morning after fasting for 8 hours, and 
immediately sent them to the laboratory for detecting. 
Biochemical markers were detected on the Hitachi 7600–020 
automatic analyzer. Another 0.5mL of serum was stored in 
a refrigerator at −80 °C for the detection of HPA, CRP and IL- 
6. Cholesterol (CHOL), triglyceride (TG), high density lipo-
protein cholesterol (HDL-C), and low density lipoprotein cho-
lesterol (LDL-C) were analyzed using a fully automated 
biochemical analyzer (Model 7600 Series, Hitachi, Tokyo, 
Japan). Glucose oxidase method was used to measure FBG, 
and HbA1C was measured by high performance liquid chro-
matography. ELISA was used to determine the levels of HPA, 
CRP, and IL-6 (Shanghai Enzyme-linked Biotechnology Co., 
Ltd.), according to the manufacturer’s instructions. Briefly, 
anti-HPA, anti-CRP and anti-IL-6 monoclonal Ab were 
applied in microwells for the measurement of HPA, CRP, 
and IL-6 in the samples. The operation was carried out in strict 
accordance with the instructions, and then the absorbance was 
measured at 450nm wave length. Finally, the sample concen-
tration was calculated according to the standard curve. 
Ultrasound examinations of carotid arteries, vertebral arteries, 
lower extremity arteries and liver were carried out.

Statistical Analyses
SPSS 23.0 software was used for statistical analysis. 
Measurement data were expressed as mean ± standard 
deviation. The t-test was used for comparison between the 
measurement data that met the normal distribution, and the 
rank sum test was used for the comparison between mea-
surement data that did not meet the normal distribution. 
Qualitative variables were analyzed by the chi squared test. 
The correlation of each detection index was analyzed by 
Spearman or partial correlation analysis. P<0.05 indicated 
that the difference was statistically significant.

Results
General Characteristics of the MIS Group 
and the Control Group
As shown in Table 1. Compared with the control group, the 
MIS group showed significantly higher BMI and the pre-
valence of essential hypertension (P<0.05), but there was no 
significant difference between the two groups in terms of 
sex, age, serum creatinine, albuminuria and the prevalence 
of benign prostatic hyperplasia, hyperuricemia and atrial 

fibrillation (P>0.05). In addition, MIS patients had other 
burden of coronary heart disease and cerebral infarction.

There Was Obvious Disorder of Glucose 
and Lipid Metabolism in the MIS Group
As shown in Figure 1. Compared with the control group, 
the MIS group were significantly increased in FBG [6.82 
±1.44 vs 5.00±0.39 (P<0.001)], HbA1C[6.88±0.90 vs 5.59 
±0.25 (P<0.001)], TG [1.88±1.78 vs 1.14±0.57 
(P<0.001)], while the MIS group were significantly 
reduced in HDL-C [1.15±0.25 vs 1.30±0.28 (P<0.001)], 
CHOL [4.36±0.90 vs 4.70±0.95 (P=0.032)], LDL-C[2.56 
±0.85 vs 2.90±0.76 (P<0.01)].

The Levels of HPA, CRP and IL-6 in the 
MIS Group Were All Significantly Higher 
Than the Control Group
As shown in Figure 2, the MIS group showed significantly 
higher level in HPA [19.38±11.08 vs 14.18±6.90 
(P=0.012)], CRP [1.34±0.77 vs 1.00±0.51 (P=0.018)], 

Table 1 Clinical Characteristics of the MIS and the Control 
Group

MIS(%) Control (%) P value

N 105 52

Sex
Male (%) 95(90.48) 48(92.31) 0.705

Female (%) 10(9.52) 4(7.69)

Age (years) 74.36±6.18 73.71±6.80 0.587

BMI (kg/m2) 25.65±2.76 23.68±2.85 0.000

SBP (mmHg) 145.61±17.36 137.19±17.23 0.003
DBP (mmHg) 77.66±10.80 75.92±8.67 0.315

Serum creatinine 
(μmol/L)

76.19±16.72 79.02±15.58 0.309

Albuminuria (%) 16 (15.24) 3 (5.77) 0.146

Concomitant disease

Essential 

hypertension (%)

84(80.00) 18(34.62) 0.000

Coronary heart 

disease (%)

29(27.62) NA

Cerebral 
infarction (%)

9(8.57) NA

Benign prostatic 

hyperplasia (%)

68(64.76) 37(71.15) 0.423

Hyperuricemia (%) 30(28.57) 9(17.31) 0.124

Atrial fibrillation(%) 9(8.57) 1(1.92) 0.208

Notes: data are expressed as mean (±SD) and absolute number (percentage); 
P<0.05 is considered statistically significant. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; NA, not applicable.
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and IL-6[5.57±3.14 vs 4.39±2.25 (P=0.042)], compared 
with the control group.

Correlations Between Serum HPA and 
CRP, IL-6 and Clinical Indicators
As shown in Figure 3, there was a significant positive 
correlation between serum HPA level and CRP (r=0.856, 
P<0.001), IL-6 levels (r=0.832, P<0.001), and a weakly 
negative between HPA and age (r=-0.177, P=0.027), but 

there was no apparent correlation between serum HPA 
level and FBG, HbA1C, CHOL, TG, HDL-C, and LDL-C.

Discussion
In 2016, the concept of MIS was first proposed by profes-
sor Hu,1 based on 4 metabolic diseases including T2DM, 
AS, NAFLD and obesity. The diagnosis of MIS could be 
made when a patient had at least 2 of these metabolic 
conditions. Of course, the most common constituent 

Figure 1 Comparison of the general biochemical characteristics of the MIS group and the control group: (A) FBG, (B) HbA1C, (C) CHOL, (D) TG, (E) HDL-C and (F) LDL- 
C in MIS group and the control group; data are expressed as mean (±SD); P<0.05 is considered statistically significant; *, ** and *** indicate P-value less than 0.05, 0.01 and 
0.001, respectively. 
Abbreviations: FBG, fasting blood glucose; HbA1C, glycosylated hemoglobin; CHOL, cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, 
low density lipoprotein cholesterol.

Figure 2 Comparison of the specific biochemical characteristics of the MIS group and the control group: (A) HPA, (B) CRP and (C) IL-6 in MIS group and the control group; 
data are expressed as mean (±SD); HPA, heparanase; CRP, C-reactive protein; IL-6, Interleukin-6; P<0.05 is considered statistically significant; * indicate P-value less than 
0.05.
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Figure 3 Correlations between serum HPA and CRP, IL-6 and clinical indicators in all subjects: Relationships between serum HPA and (A) CRP, (B) IL-6, (C) age, (D) BMI, 
(E) FBG, (F) HbA1C, (G) CHOL, (H) TG, (I) HDL-C, (J) LDL-C. P<0.05 is considered statistically significant. 
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; HbA1C, glycosylated hemoglobin; CHOL, cholesterol; TG, triglyceride; HDL-C, high density lipoprotein 
cholesterol; LDL-C, low density lipoprotein cholesterol; HPA, heparanase; CRP, C-reactive protein; IL-6, interleukin-6.
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diseases of MIS was T2DM. In recent years, with the 
changes of the lifestyle and the acceleration of the aging 
in China, the prevalence of diabetes has soared from 9.7% 
in 2010, to 10.4% in 2013 and to 11.2 in 2017, and the 
prevalence of diabetes in the elderly over the age of 60 is 
over 25% in 2017.10 Diabetes often develop a variety of 
clinical complications, including AS, NAFLD and obesity, 
which have severely affected the health of diabetes 
patients. These four metabolic diseases often aggregate 
or accompany with each other, and their common patho-
genesis and pathological characteristics are all related to 
CLGI. Therefore, these four diseases can be treated in the 
same way. For example, metformin has been proven in 
clinical work to reduce blood sugar, weight and the risk of 
cardiovascular events, and also reduce the effects of fatty 
liver. Of course, these four diseases can also be prevented 
in the same way. For example, aerobic exercise has 
a positive preventive effect on the four components of 
MIS.1 The pathogenesis of MIS is yet not completely 
clear, so finding out the relevant factors of MIS pathogen-
esis and targeted treatment will have a positive effect on 
the prevention and treatment of MIS.

The pathogenesis of MIS was based on CLGI. These 
four metabolic diseases were all related to CLGI, parti-
cularly T2DM and obesity. It was worth mentioning that 
obesity might lead to T2DM through a series of inflam-
matory reactions.11 Moreover, CLGI played a crucial 
role in all the stages of AS formation, implying that anti- 
inflammatory therapy was of great significance for the 
treatment of atherosclerosis-related cardiovascular 
diseases.12 Similarly, NAFLD was also associated with 
CLGI, and closely related to macrophage-mediated 
inflammation.13 Studies have demonstrated that adipo-
nectin levels in MIS patients tend to be lower compared 
to those in non-MIS patients, indicating that adiponectin 
could be used as an indicator to predict the occurrence of 
MIS.14 The results of this study revealed that the serum 
HPA levels of MIS patients were obviously higher than 
those of non-MIS patients, hence serum HPA levels 
might also be used as a predictor of MIS occurrence.

HPA was an important functional enzyme in the human 
body, which has the function of specifically hydrolyzing 
HSPG. HPA was involved in the development and metas-
tasis of many tumors, for example, it had shown an impor-
tant role in the development and metastasis of gastric 
cancer and breast cancer.15,16 At present, scholars had 
conducted a Phase II clinical trial of HPA inhibitor PI-88 
for tumor treatment and obtained an ideal result.17 In 

addition, HPA was related to the development of tumors, 
also closely related to the development of inflammatory 
diseases. At present, a large number of related research 
reports have been reported. After degrading HSPG, HPA 
could participate in inflammatory responses from multiple 
aspects, such as leukocyte recruitment, spillage, and aggre-
gation to the site of inflammation; it could also promote 
the release of cytokines and chemokines fixed on the 
extracellular matrix or cell surface, and activation of 
innate immune cells.18 HPA was involved in the occur-
rence and development of inflammatory diseases such as 
rheumatoid arthritis (RA) and inflammatory bowel disease 
(IBD).19,20 At present, studies have reported the correla-
tion between HPA and inflammation-related diseases such 
as diabetes and AS. However, there was no report on the 
correlation between HPA and MIS, so this article explored 
the correlation between HPA and MIS and its possible 
mechanism.

The results of this study showed that serum HPA levels 
in the MIS group were significantly higher than those in 
the control group, indicating that higher HPA levels might 
play a certain role in the occurrence and development of 
MIS. Additionally, the expression levels of HPA in 
patients with metabolic syndrome remain unknown, 
which may require further research.

The nature of MIS was mainly CLGI mediated by 
macrophages.21 C-reactive protein (CRP) was a plasma 
pentameric protein produced mainly by the liver. It was 
a very sensitive major protein involved in non-specific 
inflammatory or acute inflammatory response phases. 
Interleukin-6 (IL-6) was a cytokine with multiple func-
tions and could be produced by cells such as monocytic 
macrophages, vascular endothelial cells, and was closely 
related to inflammatory responses. Studies have demon-
strated that serum CRP and IL-6 levels rose significantly 
during CLGI and lasted for a long time, so CRP and IL-6 
were considered to be two representative indicators of 
CLGI.22 The serum CRP and IL-6 levels in patients with 
MIS would be detected to analyze the correlation between 
serum CRP and IL-6 levels and MIS, and we also would 
analyze whether there was an intrinsic link and correlation 
between serum CRP, IL-6 levels and serum HPA. For 
reason given above, serum CRP and IL-6 levels were 
also detected in this study. Serum CRP and IL-6 levels 
were two representative indicators of CLGI. The results of 
this study showed that serum CRP and IL-6 levels in the 
MIS group were significantly higher than those in the 
control group, further confirming that the essence of MIS 

https://doi.org/10.2147/DMSO.S291612                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 3226

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


was a CLGI. The Pearson correlation analysis showed that 
serum HPA levels were significantly positively correlated 
with CRP and IL-6 levels, indicating that there might be 
some internal upstream and downstream relationship 
between the expression of HPA and the secretion of 
inflammatory factors. HPA might be involved in the pro-
cess of chronic low-grade inflammatory response in MIS.

Contrary to our expected results, the cholesterol and low 
density lipoprotein cholesterol of MIS groups were lower 
than that of the control group, which may be related to the 
long-term use of lipid-lowering drugs of MIS patients.

As a metabolic inflammatory disease, MIS might have 
potential therapeutic value through anti-inflammatory treat-
ment. Metformin was a first-line drug for the treatment of 
T2DM and achieves hypoglycemic effects by increasing 
insulin sensitivity and reducing liver glucose output. 
Metformin could not only improve obesity symptoms and 
controlling metabolic inflammation, but also reduced the 
risk of cardiovascular disease.23,24 Therefore, metformin 
could have important therapeutic value for MIS by improv-
ing insulin resistance and reducing inflammation.

Aspirin was a traditional anti-inflammatory drug. 
Previous studies have shown that aspirin could reduce 
insulin resistance and improved glucose and lipid 
metabolism.25,26 Current research showed that aspirin 
could bind to the Glu225 region of HPA and inhibit 
HPA activity.27 Therefore, aspirin was expected to 
become a potential drug for the treatment of MIS. In 
addition, there were inhibitors of HPA PI-88, PG545, 
etc. At present, such HPA inhibitors have been studied 
more in the occurrence and development of tumors, and 
have been proven to inhibit tumor growth and metastasis. 
However, its research on inflammatory response was 
less. Therefore, the role of HPA inhibitors in inflamma-
tory response needed to be further studied at present, and 
it might become a candidate drug for the treatment of 
MIS in the future.

In summary, the results obtained in this study revealed 
that compared with the control group, the serum HPA level 
was considerably higher in the MIS group, and the serum 
HPA level was significantly positively correlated with the 
CRP and IL-6 levels. These results suggest that higher 
serum HPA levels plays a certain role in the pathogenesis 
and development of MIS, and that serum HPA levels 
might interact with CRP and IL-6 or have an upstream 
and downstream regulatory relationship, and might parti-
cipate in the CLGI process induced by MIS. This study 
provides a certain evidence and reference basis for further 

in-depth and systematic research on the CLGI effects of 
HPA in the future.
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