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Abstract

Prior research has indicated that as an important biomarker of chronic low-grade inflammation, 

high-sensitivity C-reactive protein (hs-CRP) can play important roles on the onset of metabolic 

syndrome and cardiovascular diseases (CVD). We conducted an integrative approach, which 

combines biological wet-lab experiments, statistical analysis, and semantics-oriented 

bioinformatics & computational analysis, to investigate the association among hs-CRP, body fat 

mass (FM) distribution, and other cardiometabolic risk factors in young healthy women. Research 

outcomes in this study resulted in two novel discoveries. Discovery 1: There are four primary 

determinants for hs-CRP, i.e., central/abdominal FM (a.k.a. trunk FM) accumulation, leptin, high 
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density lipoprotein cholesterol (HDL-C), and plasminogen activator inhibitior-1 (PAI-1). 

Discovery 2: Chronic inflammation may involve in adipocyte-cytokine interaction underlying the 

metabolic derangement in healthy young women.
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search

1. Introduction

Prior research [1] has demonstrated that chronic low-grade inflammation is one of the 

important characteristics of obesity-related metabolic syndrome. Adipose tissue is known [2, 

3] to be a source of cytokines such as tumor necrosis factor-α (TNF-α) and interleukin-6 

(IL-6), where the latter stimulates hepatocytes to produce a variety of acute phase reactants 

including C-reactive protein (CRP) [4]. As a representative biomarker of inflammation in the 

body, long-term elevation of CRP may have prognostic value in predicting individuals with 

increased risk of developing cardiovascular diseases (CVD) [5]. In fact, prospective studies 

[5–7] have discovered that CRP may add moderate forecasting power to predict the 

development of CVD in middle-aged or elderly persons who have already been frequently 

accompanied with typical CVD risk conditions such as dyslipidemia, insulin resistance, or 

cigarettes smoking. In particular, according to the study in [8], CRP was shown to be a 

strong risk predictor for myocardial infraction even 20 years after the initial blood samples 

were collected. However, little research to date has investigated the association between 

high-sensitivity CRP (hs-CRP) and obesity-related metabolic phenotypes (including 

atherosclerosis) in young people without classical CVD risk factors. Such association study 

is of particular importance for us to better prevent and intervene the onset of metabolic 

syndrome and CVD. Towards this end, we conducted an integrative study in young healthy 

women to investigate the association between hs-CRP and body fat mass (FM) distribution, 

as well as the association between hs-CRP and other cardiometabolic risk factors. Our 

approach effectively combines biological wet-lab experiments, statistical analysis, and 

semantics-oriented bioinformatics & computational analysis.

The rest of this paper is organized as follows. Section 2 describes in detail our methods and 

materials; Section 3 reports experimental results along with discussion; and finally, Section 

4 concludes with future work.

2. Methods and materials

2.1 Overview of our integrative methods

Our methods consist of three steps.

Step I: Biological experiments—We recruited a cohort of healthy young women 

without conventional cardiovascular risk factors and then performed a series of wet-lab 

experiments on these subjects. Our experiments were organized into five categories: (1) 

anthropometry, body composition, and FM distribution; (2) insulin, glucose, and insulin 
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resistance; (3) plasma lipids, lipoprotein, and Apo measurements; (4) inflammation markers, 

oxidative stress marker, and adipocytokines; and (5) arterial properties.

Step II: Statistical analysis—After obtaining the results from biological experiments, 

we conducted statistical analysis including univariate analysis and multiple regression 

analysis. These analysis results provided us with evidence to either support or discourage 

possible association among hs-CRP, FM distribution, and other cardiometabolic risk factors.

Step III: Semantics-oriented bioinformatics and computational analysis—We 

utilized an ontology-based analytical software tool to obtain a set of computationally 

putative microRNA (miR) molecules that may regulate hs-CRP. Besides, rich, additional 

data for each candidate miR were also provided to us through the software user interface. 

Such semantically federated knowledge further assisted us in better analyzing results from 

the first two steps.

2.2 Biological wet-lab experiment design

2.2.1 Subjects—A total of 308 female students at Mukogawa Women’s University 

(MWU) were recruited in this study. All subjects were Japanese and aged between 18 to 22 

years old. We excluded any subjects with clinically diagnosed CVD, acute or chronic 

inflammatory diseases, endocrine diseases, hepatic diseases, and renal diseases. Subjects 

with hormonal contraception, regular cigarette smoking and alcohol drinking, and unusual 

dietary habits were also excluded. In addition, no subject was receiving any medications 

during the study period. Our study was approved by the Ethics Committees at MWU, and 

written informed consents were obtained from all participants.

2.2.2 Anthropometry, body composition, and FM distribution—Body weight, 

height, waist circumferences (WC) were measured following standard procedures, and body 

mass index (BMI) was then calculated. Dual-energy X-ray absorptiometry (DXA)-derived 

trunk FM was demonstrated [9] to have strong association with total abdominal adiposity 

measured by computer tomography (CT). Moreover, when combined with anthropometry, 

DXA offers a good alternative to CT for the prediction of abdominal adiposity. DXA was 

thus recommended for the early detection of central/abdominal obesity. In this study, DXA 

with a scanner (Hologic QDR-2000, Waltham, MA) was utilized to measure body FM 

distribution. A scanned image of the whole body was divided into six sub-regions: head, 

trunk, and upper/lower limbs on both sides. The dividing borders between those subregions 

were differentiated by a line underneath the chin, a line between the humerus head and the 

glenoid fossa, and a line at the femoral neck. The trunk region included the chest and 

abdomen, excluding the pelvis. The low body region included the entire hip, thigh, and leg. 

To better express regional fat deposition, we introduced four body fat ratio parameters 

denoted as %X FM, where X stands for Total, Trunk, Arm, or Lower-body, measuring the 

percentage of corresponding fat tissue weight over body weight. That is, %Total FM, 

%Trunk FM, %Arm FM, and %Lower-body FM were calculated as total fat tissue weight
body weight , 

trank fat tissue weight
body weight , arm fat tissue weight

body weight , and lower − body fat tissue weight
body weight , respectively.
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2.2.3 Insulin, glucose, and insulin resistance—Blood samples were obtained in the 

morning after 12-hr overnight fast. Insulin resistance determined by homeostasis model 

assessment (HOMA-IR) was calculated using fasting plasma glucose and insulin levels [10].

2.2.4 Plasma lipids, lipoprotein, and Apo measurements—Serum lipids, including 

triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and 

free fatty acid (FFA), were measured with an autoanalyzer (AU5232, Olympus, Tokyo, 

Japan). Apolipoprotein A-1 (ApoA1) and apolipoprotein B-100 (ApoB) were measured by 

an Olympus autoanalyzer (AU600, Mitsubishi Chemicals, Tokyo, Japan). Low-density 

lipoprotein cholesterol (LDL-C) was determined using the Friedewald formula [11]. Small 

density LDL-C (sd-LDL) was measured with a precipitation method described in [12]. 

Remnant-like particle-cholesterol (RLP-C) was measured by an immunoaffinity separation 

method (RLP-C assay, Otsuka, Japan). Lipoprotein lipase (LPL) was determined by enzyme-

linked immunosorbent assay using an assay system (Dai-ichi Pure Chemicals, Tokyo, 

Japan).

2.2.5 Inflammation markers, oxidative stress marker, and adipocytokines—Hs-

CRP was measured by an immunoturbidometric assay with the use of reagents and 

calibrators from Dade Behring Marbura GmbH (Marburg, Germany; interassay CV < 5.0%, 

CV: coefficients of variance). TNF-α was measured by immunoassays (R&D Systems, Inc., 

Minneapolis, MN; interassay CV = 6.0%). PAI-1 was measured by an ELISA method 

(Mitsubishi Chemicals; interassay CV = 8.1 %). For the purpose of statistical analysis, 

serum concentrations of hs-CRP and TNF-α below the limit of detection were assigned a 

value of 0.05mg/L and 0.50pg/mL (the lowest limit of detection), respectively. Systemic 

oxidative stress was evaluated by urinary creatinine-indexed 8-epi-prostagland in F-2α (8-

epi-PG2α), a validated biomarker of oxidative stress [13]. Urinary 8-epi-PGF2α was 

measured in the first-voided morning urine sample with an enzyme-liked immunosorbent 

assay (8-Isoprostane EIA kit, Cayman, Ann Arbor, MI). Intra- and inter- assay CV were 

7.5% and 9.2%, respectively. Urinary 8-epi-PG2α was indexed to creatinine as pictograms 

per millimole creatitine. Adiponectin was assayed by a sandwich enzyme-linked 

immunosorbent assay (Otsuka Pharmaceutical Co. Ltd., Tokushima City, Japan). Intra- and 

inter- assay CV were 3.3% and 7.5%, respectively. Leptin was assessed by an RIA kit 

(LINCO research, St. Charles, MO; interassay CV = 4.9%).

2.2.6 Arterial properties—Arterial stiffness was indicated by cardio-ankle vascular index 

(CAVI) measured by VaSera device (VS-1000, Fukuda Denshi, Tokyo, Japan). CAVI is a 

recently developed index that reflects stiffness of the aorta, femoral, and tibial artery [14]. 

CAVI involves the measurement of pulse valve velocity (PWV) but the effects of blood 

pressure are minimized. CAVI was thus proved to be a reliable screening tool for 

atherosclerosis [14]. Because carotid intima-media thickness (IMT) was clinically used as an 

indicator of generalized atherosclerosis [15], arterial thickness was evaluated by carotid 

artery IMT measured with an ultrasonic device (SDU-1100, Shimadzu, Tokyo, Japan). The 

maximal IMT was assessed at the far wall as the distance between the lumen-intima 

interface and media-adventitia interface. The maximal IMT of two measurements conducted 

at each of the four segments vessels was recorded on both sides and then averaged for both 

Wu et al. Page 4

Methods. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sides. The mean IMT (Avg IMT) and maximal IMT (Max IMT) of the four IMT values were 

used for analysis.

2.3 Statistical analysis

All data were presented as mean ± standard deviation (SD). Due to deviation from normal 

distribution, hs-CRP was logarithmic transformed for analysis. (1) First of all, univariate 

correlations between hs-CRP and regional FM distribution, as well as between hs-CRP and 

other metabolic parameters, were evaluated with Pearson correlation coefficients. (2) 

Secondly, stepwise multiple regression analysis was performed to further identify the most 

significant variables contributing to the variation of hs-CRP. (3) Thirdly, all variables with 

statistically significant association with hs-CRP in univariate analysis were entered into the 

model simultaneously, excluding those variables having the least significant P value. (4) 

Finally, all variables with P ≤ 0.05 remained in the model. All statistical analyses were 

performed with SPSS system 15.0 (SPSS Inc., Chicago, IL).

2.4 Semantics-oriented bioinformatics and computational analysis

We utilized OmniSearch [16, 17], a semantic search and analysis software tool, to obtain a 

set of computationally putative miRs that may regulate hs-CRP. These regulating miRs were 

semantically integrated from various miR target prediction and validation databases (i.e., 

miRDB [18], TargetScan[19], miRanda [20], and miRTarBase [21]). Besides, OmniSearch 

also provided us with a rich set of additional data for each candidate miR, including Gene 

Ontology (GO) annotations, PubMed publications, non-coding RNA (ncRNA) sequences, 

relevant MeSH terms, and involved pathways. We utilized semantically federated knowledge 

retrieved from OmniSearch to further facilitate the analysis of results from biological 

experiments and statistical analysis.

3. Results and discussion

3.1 Wet-lab experimental results along with statistical analysis

Tables 1, 2, and 3 demonstrate our experimental results, exhibiting anthropometric, 

biochemical, and arterial variables along with their unadjusted Pearson correlation 

coefficients with hs-CRP, whose value ranged from 0.05 to 2.53 mg/L. “P” in Tables 1 

through 4 refers to p-value.

We further explain results in Tables 1, 2, and 3 as follows.

Table 1 exhibits results for indirect anthropometric variables and their correlation with hs-

CRP. BMI (r = 0.198, P < 0.001) and WC (r = 0.208, P < 0.001) showed significant positive 

correlation with hs-CRP. All DXA-derived regional FM variables were significantly and 

positively correlated with hs-CRP, with the coefficient values ranged from 0.198 to 0.287 (P 

< 0.001). Among anthropometric variables, indices of central obesity, i.e., Trunk FM (r = 

0.287, P < 0.001), %Trunk FM (r = 0.278, P < 0.001), and WC (r = 0.208, P < 0.001) 

exhibited strong association with hs-CRP. Both indirect adiposity measures (BMI and WC) 

and direct measures (DXA-derived FM parameters) showed strong association with hs-CRP. 

Although BMI and WC represented useful markers of hs-CRP, DXA-derived indices 
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exhibited better, independent power in predicting hs-CRP. In particular, Table 1 

demonstrates that indices of central/abdominal adiposity displayed more intensive 

correlation with hs-CRP. These findings are consistent with previous reports [22–24] that 

abdominal adipose tissue measured by CT had the highest correlation with hs-CRP in both 

men [22] and women [23, 24]. In addition, various experimental data [2, 4, 25] have 

provided evidence that adipocyte is a major source of TNF-α [2] and may stimulate the 

expression of IL-6 [25], which was known as a major regulator of production and secretion 

of hs-CRP in the hepatocyte [4]. Therefore, our results in this paper suggest that expanded 

abdominal FM could be largely responsible, although not exclusively, for both the 

dysregulation of cytokines and a state of low chronic inflammation even in young healthy 

women without exposing to classical CVD risk factors.

Table 2 exhibits results for glucose, lipid metabolic characteristics, and their correlation with 

hs-CRP. We discovered that hs-CRP was reversely correlated with HDL-C (r = −0.246, P < 

0.001) and ApoA1 (r = −0.218, P < 0.001) while positively correlated with sd-LDL (r = 

0.222, P < 0.01) and RLP-C (r = 0.143, P < 0.05). No association was found between hs-

CRP and HbA1c, TG, TC, non-HDL-C, LDL-C, FFA, LPL, fasting glucose, fasting insulin, 

ApoB, and HOMA-IR. These findings agree with previously reported observations in human 

beings [26, 27] that HDL-C and ApoA1 levels are decreased during acute and chronic 

inflammation, thus suggesting an anti-inflammatory role of HDL-C in inhibiting atherogenic 

effects of CRP in healthy young women.

Table 3 exhibits results for adipocytokines, inflammation markers, oxidative stress marker, 

blood pressure, and arterial properties, as well as their correlation with hs-CRP. Our results 

indicate that hs-CRP was negatively correlated with adiponectin (r = −0.139, P < 0.01) while 

positively correlated with leptin (r = 0.210, P < 0.001), PAI-1 (r = 0.217, P < 0.001), and 

leukocyte count (r = 0.177, P < 0.01). No correlation was found with either TNF-α or 

urinary 8-epi-PGF2α. Also, hs-CRP was correlated with diastolic blood pressure (dBP), but 

not with systolic blood pressure (sBP), CAVI, and IMT. These results suggest that hs-CRP-

leptin interaction might have already existed in non-smokers before the onset of insulin 

resistance and atherosclerosis. Note that compared with results reported in previous studies 

[28–35], there are some conflicting results from the present study. To be more specific, 

correlation was found between hs-CRP and markers of oxidative stress [28] as well as 

between hs-CRP and arterial stiffness and thickness indices (PWV [29–31] and IMT [32–

35]), whereas we did not find these correlations. We speculate that the homogeneity of our 

sample may have contributed to such different findings. As detailed in Section 2.2.1, the 

subjects in the present study included a healthy cohort without exposing to tobacco smoking, 

which is one of the most important confounders affecting relationships between hs-CRP and 

CVD risk factors [36]. Additionally, our study population had no signs of either insulin 

resistance (mean HOMA-IR < 1.6) or atherosclerosis (mean IMT < 0.5mm). The relatively 

narrow value ranges of these variables may not reflect their subtle associations with hs-CRP. 

Furthermore, most of the studies reported in [28–35] included both smokers and non-

smokers but without adjusting for parameters of adiposity; therefore, it is also possible that 

correlation between hs-CRP and aforementioned variables is in fact not causal; rather, 

largely explained by the concomitant variation in confounders such as central adiposity and 

cigarette smoking.
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Additionally, we conducted an analysis using the multiple stepwise regression models. Hs-

CRP was treated as a dependent variable, and those variables significantly correlating with 

hs-CRP (in Tables 1, 2, and 3) were treated as covariates. We identified the following four 

variables that were independent determinants for hs-CRP: trunk FM, HDL-C, leptin, and 

PAI-1. As exhibited in Table 4, these four variables together explained 13.9% variance of hs-

CRP. In addition to central adiposity and leptin, it is interesting to discover that PAI-1 was an 

important correlator of hs-CRP in healthy young non-smokers. Recent in-vitro studies [37–

41] provided evidence to support the relationship between hs-CRP and PAI-1, where hs-CRP 

was found to stimulate PAI-1 gene expression in human endothelial cells [37, 38]. Besides, 

hs-CRP was shown to: (1) increase the expression of cell adhesion molecules, chemokines, 

and endothelin-1; (2) decrease endothelial nitrogen (NO) synthase (eNOS) expression and 

activity; and (3) augment monocyte-endothelial cell adhesion [39–41]. These findings 

further support our hypothesis in the present study that hs-CRP may play an important role 

in promoting the inflammatory component of atherosclerosis through PAI-1 activation. Note 

that one of the limitations of this study is, the nature of cross-sectional study cannot directly 

imply causation.

3.2 Bioinformatics and computational analysis results

The OmniSearch software provided with us a user-friendly, convenient interface that enables 

side-by-side comparison among results from numerous miR target prediction and validation 

databases, as well as the federated knowledge integrated from other relevant data sources. 

Search results on CRP from the OmniSearch interface are demonstrated in Figure 1. Our 

bioinformatics and computational analysis was focused on the returned miR list and relevant 

GO annotations (shown in Figure 2). The semantically confederated knowledge in 

OmniSearch further helped us to better analyze results from biological experiments and 

statistical analysis, explained in detail as follows.

3.2.1 Findings from computationally putative CRP-regulating miRs—Prior 

research [42–46] has indicated that miR∷mRNA regulatory interactions have great potential 

in human disease including metabolic syndrome and CVD. If we can well understand such 

regulation mechanisms, it will significantly help researchers to obtain an enhanced 

molecular understanding of both diseases. Therefore, we utilized the OmniSearch tool to 

conduct a semantic search on CRP-regulating miRs. Table 5 exhibits a list of 23 miRs that 

were computationally predicted to regulate hs-CRP.

On one hand, none of these miR∷hs-CRP regulation mechanisms have yet been biologically 

validated by wet-lab experiments; on the other hand, many of miRs in Table 5 were already 

validated to regulate respective target genes (other than hs-CRP) in either metabolic 

syndrome or CVD. For example, hsa-miR-128-3p and hsa-miR-330-3p were involved in 

metabolic syndrome and fatty tissue metabolism [47, 48]; and hsa-miR-448-3p, hsa-

miR-338-3p, and hsa-miR-199a-5p were involved in CVD [49–51].

Authors in [47] presented an analysis of a set of miRs (including hsa-miR-128-3p) that were 

altered by high-fructose diet. Their research outcomes indicated that these miRs were 

assembled as a regulatory network to potentially target key genes in lipid, lipoprotein 
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metabolism, and insulin signaling at multiple levels. Therefore, these miR∷mRNA 

interactions provided some important insights into the development of metabolic syndrome. 

Researchers in [48] investigated whether or not a sustained nuts-enriched diet can lead to 

changes in circulating miRs, in parallel to the dietary modification of fatty acids. Their 

experimental results demonstrated that hsa-miR-330-3p (along with hsa-miR-328, hsa-

miR-221, and hsa-miR-125a-5p) was significantly decreased after the treatment of 

normocaloric diet enriched with polyunsaturated fatty acids (PUFAs). Down-regulation of 

hsa-miR-448-3p was reported in[49], which resulted in increased expression of Ncf1 gene 

and p47 (phox) protein. In addition, cellular oxidative stress subsequently triggered events 

that finally culminated in cardiac tissue damage and the development of cardiomyopathy. In 

[50], inhibition of hsa-miR-338-3p and hsa-miR-10b was validated to induce an increase of 

apoptosis as well as increased expression of apoptosis protease-activating factor-1 (Apaf-1) 

in HL-1 cardiomyocytes, thus contributing to cardiomyocyte damage and the development 

of heart failure. A list of miRs including hsa-miR-199a-5p was reported in [51] to have a 

role in the pathophysiology of heart failure by involved in pathways related to disease 

progression including fibrosis.

The analysis of our semantic search results on CRP-regulating miRs provided us with a 

suggested list of promising candidate miRs (Table 5) for further investigation and validation 

in our future research.

3.2.2 Findings from GO annotations on CRP, PAI-1, and IL-6

• A total of 22 GO annotations were found to be related to human CRP, of which 

four, two, and two annotations were related to inflammation, lipid metabolism, 

and vascular function, respectively. Also, two annotations were discovered to 

implicate a close association between CRP and CVD. In particular, one 

annotation indicated [52] a possible mechanism, by which CRP involved in 

atherosclerosis, was mediated by the activation of lectin-like oxidized low-

density lipoprotein receptor-1 (LOX-1), resulting in vasomotor dysfunction.

• Analysis of GO annotations on PAI-1 led us to one study [53][33] noting PAI-1 

as an important inflammatory mediator that may amplify the inflammation 

induced by cigarette smoke extraction (CSE) or lipopolysaccharides (LPS) 

through up-regulating IL-8 and leukotriene B4 (LTB4).

• According to [54] contained in one GO annotation, IL-6 may stimulate vascular 

smooth muscle cells (SMC) into a pro-inflammatory state through up-regulating 

the expression of gp-130 and MCP-1, which suggested the role of IL-6 in 

mediating inflammation-induced atherosclerosis. Further, we pinpointed several 

GO annotations and found one paper [55] reporting that leptin induced the 

production of IL-6 and interleukin-8 (IL-8) in human osteoarthritic cartilage.

These findings from GO annotations either reinforce our discoveries reported in this study or 

provide us with additional clues regarding how to further explore genetic regulation 

mechanisms relevant to the role of hs-CRP in adipocyte-cytokine interaction and metabolic 

derangement. For example, (1) the mechanism for hs-CRP to interact with LOX-1 to be 

involved in atherosclerosis; (2) the possible association between hs-CRP and IL-6 in terms 
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of mediating inflammation-induced atherosclerosis; and (3) the likely correlation among hs-

CRP, leptin, IL-6, and IL-8 in regulating fatty tissue metabolism.

As discussed earlier, the novelty of our methodologies reported in this paper is the 

combination of biological wet-lab experiments, statistical analysis, and semantics-oriented 

bioinformatics & computational analysis. Without the integration of the OmniSearch 

software tool, it was still possible to retrieve similar findings (reported in Section 3.2.1 and 

Section 3.2.2) through conventional methods; however, it would have been less effective and 

less efficient. Note that the effectiveness and efficiency features of the OmniSearch tool 

were reported in our earlier publications ([16] for example).

4. Conclusions

Hs-CRP, an important biomarker of chronic low-grade inflammation, is able to significantly 

affect the onset of metabolic syndrome and CVD. To better prevent and intervene the 

development of these two diseases, there is an urgent need to investigate the association 

between hs-CRP and obesity-related metabolic phenotypes (including atherosclerosis) in 

young people without classical CVD risk factors. In this paper, we report our efforts to 

effectively combine biological experiments, statistical analysis, and semantics-oriented 

bioinformatics & computational analysis to conduct an integrative study in young healthy 

women. Through rigorously designed experiments, we obtained reproducible, promising 

results, indicating two novel discoveries in this study. The first discovery is, in young 

healthy women without conventional CVD risks, we found significant associations between 

plasma hs-CRP and indices of central/abdominal adiposity, leptin, PAI-1, and HDL-C. No 

association was identified between hs-CRP and any of insulin resistance, a systemic 

oxidative stress marker, and arterial stiffness & thickness indices. These results suggested 

that even in young female nonsmokers without hypertension, dyslipidemia, and insulin 

resistance, trunk fat accumulation is still a critical determinant for hs-CRP, along with three 

other important determinants, leptin, HDL-C, and PAI-1. The second discovery is, the 

reciprocal association between hs-CRP and leptin, PAI-1, and lipid-lipoprotein was also 

prominent, suggesting the role of chronic low-grade inflammation in adipocyte-cytokine 

interaction underlying the metabolic derangement before the initiation of metabolic 

syndrome and CVD.

In our future work, we plan to study the mechanisms by which central/abdominal adiposity 

leads to sustained systemic inflammation. In the planned study, we will recruit subjects from 

a broader cohort including male and old individuals with mild or moderate CVD risks. 

Additionally, we will also choose some candidate miRs reported in the current study for 

further investigation and biological validation.

Association of hs-CRP, FM, and cardiometabolic risk factors in young healthy 

women.

Primary determinants for hs-CRP: trunk FM accumulation, leptin, HDL-C, and 

PAI-1.

Chronic inflammation involved in adipocyte-cytokine interaction.
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Figure 1. 
The semantic search results on CRP’s putative regulating miRs.
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Figure 2. 
The GO annotations on CRP.
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Table 1

Anthropometric, DXA parameters, and their correlation with hs-CRP

Variables Mean ± SD r

Age (year) 20.6 ± 1.2 0.017

BMI (kg/m2) 20.4 ± 2.3 0.198†

WC (cm) 70.3 ± 5.6 0.208†

Total FM (kg) 14.33 ± 4.40 0.267†

%Total FM (%) 27.8 ± 5.5 0.265†

Trunk FM (kg) 6.96 ± 2.46 0.287†

%Trunk FM (%) 28.6 ± 6.6 0.278†

Arm FM (kg) 1.21 ± 0.57 0.222†

%Arm FM (%) 25.2 ± 8.2 0.198†

Lower-body FM (kg) 5.57 ± 1.52 0.205†

%Lower-body FM (%) 31.0 ± 5.2 0.218†

†
P < 0.001
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Table 2

Glucose, lipid metabolic characteristics, and their correlation with hs-CRP

Variables Mean ± SD r

Fasting plasma glucose (mmol/L) 4.61 ± 0.39 0.066

Fasting insulin (μU/mL) 6.2 ± 3.5 −0.020

HbA1c (%) 4.8 ± 0.2 0.080

HOMA-IR 1.27 ± 0.88 0.050

TG (mmol/L) 0.66 ± 0.38 0.108

TC (mmol/L) 4.7 ± 0.72 −0.085

HDL-C (mmol/L) 1.93 ± 0.35 −0.246†

Non-HDL-C (mmol/L) 2.78 ± 0.66 0.037

LDL-C (mmol/L) 2.47 ± 0.62 0.008

sd-LDL (mg/dL) 11.1 ± 5 0.222§

ApoA1 (mg/dL) 165 ± 20 −0.218†

ApoB (mg/dL) 70 ± 15 0.012

RLP-C (mg/dL) 3.04 ± 2.46 0.143*

FFA (mEq/L) 0.56 ± 0.22 0.080

LPL (ng/mL) 72 ± 18 0.014

*
P < 0.05;

§
P < 0.01;

†
P < 0.001.
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Table 3

Adipocytokines, inflammation markers, oxidative stress marker, blood pressure, arterial properties, and their 

correlation with hs-CRP

Variables Mean ± SD r

Leptin (ng/mL) 8.6 ± 3.9 0.210†

Adiponectin (μg/mL) 11.5 ± 4.3 −0.139§

Leukocyte count (/μL) 5973 ± 1561 0.177§

PAI-1 (ng/mL) 21.1 ± 12.9 0.217†

TNF-α (pg/mL) 0.68 ± 0.48 −0.003

8-epi-PGF2α (pg/mg.creatinine) 328.7 ± 106.2 −0.007

Systolic blood pressure (mmHg) 106 ± 10 −0.083

Diastolic blood pressure (mmHg) 61 ± 8 0.150†

CAVI 5.78 ± 0.78 −0.077

Avg IMT (mm) 0.41 ± 0.06 −0.122

Max IMT (mm) 0.43 ± 0.06 −0.086

§
P < 0.01;

†
P < 0.001.
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Table 4

Multiple stepwise regression analysis for hs-CRP as a dependent variable

Independent variables B SE P R2 change (%)

Trunk FM 0.032 0.014 0.022 8.0

HDL-C −0.255 0.073 0.001 10.2

Leptin 0.009 0.007 0.018 12.2

PAI-1 0.006 0.002 0.002 13.9
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Table 5

Putative regulating miRs retrieved from OmniSearch

Targeting miR miRDB prediction score TargetScan prediction score miRanda prediction score

hsa-miR-7977 92 Not predicted Not predicted

hsa-miR-4524a-3p 82 Not predicted Not predicted

hsa-miR-6833-5p 79 Not predicted Not predicted

hsa-miR-518c-5p 77 Not predicted Not predicted

hsa-miR-4731-5p 73 Not predicted Not predicted

hsa-miR-6499-3p 71 Not predicted Not predicted

hsa-miR-4758-3p 70 Not predicted Not predicted

hsa-miR-3688-5p 68 Not predicted Not predicted

hsa-miR-939-3p 56 Not predicted Not predicted

hsa-miR-6776-5p 54 Not predicted Not predicted

hsa-miR-4530 51 Not predicted Not predicted

hsa-miR-448-3p Not predicted Not predicted 0.1543

hsa-miR-338-3p Not predicted Not predicted 0.2513

hsa-miR-199a-5p Not predicted Not predicted 0.3134

hsa-miR-199b-5p Not predicted Not predicted 0.3134

hsa-miR-491-5p Not predicted Not predicted 0.6484

hsa-miR-485-5p Not predicted 14 Not predicted

hsa-miR-6884-5p Not predicted 14 Not predicted

hsa-miR-499a-5p Not predicted 20 Not predicted

hsa-miR-183-5p Not predicted 23 Not predicted

hsa-miR-330-3p Not predicted 29 Not predicted

hsa-miR-3681-3p Not predicted 29 Not predicted

hsa-miR-128-3p Not predicted 32 Not predicted
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