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Obesity has been shown as a risk factor to increase the incidence of myocardial infarction

(MI). However, obesity has also been linked to the decreased mortality of acute MI with

unknown mechanisms. Here, we firstly used large-scale literature data mining to identify

obesity downstream targets and MI upstream regulators with polarity, based on which

an obesity-MI regulatory network was constructed. Then, a gene set enrichment analysis

was conducted to explore the functional profile of the genes involved in the obesity-MI

regulatory networks. After that, a mega-analysis using MI RNA expression datasets

was conducted to test the expression of obesity-specific genes in MI patients, followed

by a shortest-path analysis to explore any potential gene-MI association. Our results

suggested that obesity could inhibit 11 MI promoters, including NPPB, NPPA, IRS1,

SMAD3, MIR155, ADRB1, AVP, MAPK14, MC3R, ROCK1, and COL3A1, which were

mainly involved in blood pressure-related pathways. Our study suggested that obesity

could influence MI progression by driving multiple genes associated with blood pressure

regulation. Moreover, PTH could be a novel obesity driven gene associated with the

pathogenesis of MI, which needs further validation.

Keywords: obesity, myocardial infarction, mega-analysis, functional networks, gene set enrichment analysis

INTRODUCTION

The continuous increase in obesity has become a global epidemic, which is attracting more
attention than ever (1, 2). Obesity is not only the incentive to induce pathologies of diabetes
mellitus, arthritis, hypertension, and certain cancers (1) but also a risk factor for cardiovascular
disease, notablymyocardial infarction (MI) (2–4). For example, an INTERHEART involving 15,152
cases and 14,820 controls from 52 countries showed that abdominal obesity increased the risk of
acuteMI in all patients regardless of age, sex, and population regions (4). A prospective cohort study
comprising 101,510 participants (age between 18 and 98 years) demonstrated that metabolically
healthy obese subjects showed a substantially higher risk of MI incidence in comparison with
normal-weight subjects (5). In addition, a meta-analysis involving 36, 803 participants suggested
that there was a significant association between overweight and MI (1). However, some clinical
studies showed that obese patients with acute MI presented lower mortality than non-obese acute
MI patients, which suggested a protective role of obesity in the progression of MI (6, 7). However,
so far, the underlying mechanism is largely unknown.
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At the genetic level, previous studies showed that multiple
genes were associated with both obesity and MI (8–12). For
example, the overexpression of TNF is highly prevalent in
obesity (9) and plays an important role in the pathogenesis of
MI (10). Also, the gene BDNF has been associated with the
development of obesity (11), while the deactivation of BDNF
could promote cardiac remodeling after MI and improve post-
MI survival (12). These previous findings enable the possibility of
constructing biology networks to understand the roles of obesity
in MI progression.

To address this issue here, we first conducted a literature data
mining to identify specific networks connecting obesity and MI.
Then, a mega-analysis using multiple MI RNA expression data
was conducted to evaluate the genes encoded in the networks.
Our results identified multiple biology networks and potential
pathways that might add an explanation to the lower mortality
of obese acute MI patients.

MATERIALS AND METHODS

Identify Obesity-MI Connection Network
We used the literature-based Elsevier Pathway Studio
(www.pathwaystudio.com) knowledge database to identify
common genes that were downstream targets of obesity and also
up-stream regulators of MI. Each disease-gene relationship has at
least three supporting references. A quality control process was
enforced to remove unreliable relationships and relationships
with unclear polarity. These relation data were then used to
compose the literature-based network to explore the possible

mechanisms where obesity could play a role in MI progression.
To note, in this study, the term “obesity” was defined by Pathway
Studio Ontology, which refers to patients with body mass index
(BMI) equal to or higher than 30 (www.pathwaystudio.com).

Selection of MI RNA Expression Datasets
for Mega-Analysis
For the obesity down-stream targets that have not been
implicated with MI, we conducted a mega-analysis using MI
RNA expression datasets, with the purpose to test the expression
changes of these genes in the case of MI. The MI RNA
expression datasets were collected from the online GEO database
(https://www.ncbi.nlm.nih.gov/geo/). The keyword “myocardial
infarction” was used on the initial search, and 678 MI related
studies with a series dataset were identified. After downloading
the original datasets, we outlined the mega data of the identified
datasets and selected a sub-set using the following criteria: (1)
The dataset was array expression data; (2) The organism of the
dataset was Homo sapiens; (3) The study was designed as MI case
vs. healthy control; (4) The original data and the corresponding
format file were downloadable; (5) sample size was bigger than
10. Seven datasets satisfied the above criteria and were included
in the mega-analysis, as shown in Table 1.

Mega-Analysis Models and Reports
In this part, results from both random- and fixed-effect models
were used and compared (13). For each gene, the mega-
analysis calculated the effect size in terms of gene expression

TABLE 1 | The seven MI expression datasets selected for meta-analysis.

GEO ID nControl nCase nSample Country Study age

(years)

GSE24591 4 34 38 Italy 3

GSE60993 7 17 24 South Korea 5

GSE66360 50 49 99 USA 5

GSE60993 7 10 17 South Korea 5

GSE34198 48 49 97 Czech Republic 6

GSE48060 21 31 52 USA 6

GSE62646 14 84 98 Poland 6

log2 fold-change (LFC). To determine the heterogeneity of the
datasets, between- and within-study variances were calculated
and compared. When the total variance Q was no-bigger than
the expected value of the between-study variances (df), the
model sets the ISq (percentage of the within- over between-study
variance) to zero. In this case, the fixed-effect model, instead of
the random-effects model, will be selected for the mega-analysis.
The significant genes from mega-analysis were reported, which
satisfy the following criteria: LFC>1 or <–1; p < 0.05. All
analyses were performed using Matlab (R2017a version).

Gene Set Enrichment Analysis
To test the functional profile of the genes involved in the obesity-
MI regulation network, we conducted a gene set enrichment
analysis (GSEA) against the Pathway Studio pathways and
Gene Ontology (GO; http://geneontology.org) terms (14). The
selection of significantly enriched pathways including (1) the
enrichment p-value passed the false discovery ratio test (q
= 0.005); (2) the number of genes involved≤1,000; (3) the
overlap percentage ≥2%.

RESULTS

Biology Network Connecting Obesity
and MI
As shown in Figure 1A, we used the literature-based knowledge
database to identify common genes that were downstream targets
of obesity and also up-stream regulators of MI. In total, 573
genes have been identified as obesity targets with polarity, and
231 genes were identified as MI regulators, with 101 shared
genes. Each of these relationships was based on at least three
supporting references. We presented the details of the gene lists
in Supplementary Materials: ObesityTargets and MIRegulators.
Out of the 101 genes, we identified 11 MI promoters that were
inhibited by obesity, including NPPB, NPPA, IRS1, SMAD3,
MIR155, ADRB1, AVP, MAPK14, MC3R, ROCK1, and COL3A1.
The genes were employed to construct the Obesity→MI
Inhibitive network, as shown in Figure 1B. However, no
MI inhibitor was found to be activated by obesity. We
provided the detailed information in Supplementary Materials:
Obesity_MI_Networks, including the titles and the sentences
where these relationships have been identified.
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FIGURE 1 | Literature-based data mining results. (A) The Venn diagram of obesity targets and myocardial infarction regulators. (B) Obesity→MI Inhibitive networks

constructed by MI promoters.

FIGURE 2 | Functional enrichment analysis for the 11 MI-promoters inhibited by obesity within obesity-MI regulatory network.

Functional Enrichment Analysis
To investigate the biological functions of the 11 genes
(Figure 1B) within the obesity-MI regulatory network, a GSEA
was executed by using Pathway Studio. Thirteen GO terms
passed the enrichment significance criteria, as shown in
Figure 2. We presented the details of these enrichment results
in Supplementary Materials: GSEA. These GO terms were
mainly related to blood pressure. A previous study showed
that acute MI Patients with lower mean blood pressure (<79
mmHg) presented a significantly higher risk of in-hospital
mortality (15), while the average systolic and diastolic blood
pressure was significantly related to obesity (16). Our results

were consistent with these previous findings and partially
explained the lower modality rates of acute MI patients with
obesity (6, 7).

Mega-Analysis for MI-Specific Genes
The expression levels of the 472 genes that were obesity-
targets but not implicated in MI (Figure 1A) were tested in
the seven MI RNA expression datasets with a mega-analysis.
Results showed that only one gene, PTH, passed the significant
gene selection criteria (p-value = 0.016 & LFC = −11.52), as
shown in Figure 3. We presented the details of the results in
Supplementary MaterialsMega-analysis.
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FIGURE 3 | Volcano plot of the mega-analysis results on the 472 obesity regulators but not implicated with myocardial infarction.

FIGURE 4 | Expression of gene PTH analysis results. (A) Forest plot of the mega-analysis results of PTH; (B) QQplot of the dataset GSE24591, which includes gene

PTH.
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FIGURE 5 | Shortest path connecting obesity target PTH and MI.

However, we noted there was significant between-study
variance for the expression of PTH in the case of MI, as shown
in Figure 4A. Specifically, the major difference was coming from
the dataset GSE24591, which demonstrated a significantly lower
expression of PTH (LFC = −45.97; p-value<1E-324). To test
if the dataset GSE24591 has a systematical bias to generate the
significant “outlier”-like expression change of the gene PTH, we
conducted a QQplot as shown in Figure 4B. Results showed that
the majority of the gene in dataset GSE24591 follow a standard
Normal distribution, which suggested that the significantly low
PTH expression was not due to a systematical bias.

To explore the potential role of PTH in the pathological
development of MI, we conducted a shortest path analysis that
reveals multiple molecules connecting PTH and MI, as shown
in Figure 5. Network in Figure 5 also showed that obesity could
activate PTH. However, PTH presented mixed roles for MI.
On the one hand, PTH could promote multiple MI inhibitors
(molecules highlighted in green) to suppress MI development.
On the other hand, PTH might also activate several other MI
promoters (molecules highlighted in red) that possibly facilitates
MI development. Therefore, further study is needed to test the
specific role of PTH in MI.

DISCUSSION

Many previous studies showed that obesity was involved in the
pathologies of multiple cardiovascular diseases, including MI (2–
4). Meanwhile, some other studies also suggested that obesity
was associated with a lower mortality rate of acute MI patients
(6, 7). Here, we focused on the exploration of any potential
protective role of obesity in MI progression. Network analysis
showed that obesity could inhibit 11 MI promoters and activate
one potential MI regulator (PTH). The 11 MI promoters’ role
was supported by multiple previous studies, including NPPB,
NPPA, IRS1, SMAD3, MIR155, ADRB1, AVP, MAPK14, MC3R,
ROCK1, and COL3A1. In contrast, the PTH-MI relation was

surfaced by our mega-analysis that was not implicated before,
and our network analysis results could not confirm its role.

The functional network identified in this study supported
the protective role of obesity in MI progression. As shown in
the obesity→NPPB (Brain natriuretic peptide) or NPPA (Atrial
natriuretic peptide)→MI pathway, both natriuretic peptides
were belonged to the MI promotors but inhibited by obesity.
NPPA/NPPB are members of the natriuretic peptide family that
encode atrial natriuretic peptide. The increased secretion of
NPPA/NPPB after MI (17, 18) may reflect the degree of left
ventricular dysfunction (18), while NPPB levels are decreased
in obese individuals (19). Moreover, accumulating evidence
showed that ROCK up-regulation plays an important role in
the pathogenesis of MI (20), and the inhibition of ROCK
suppresses the development of the disease (21). ROCK expression
was found to be significantly reduced in obese subjects (22).
These findings indicate an obesity→ROCK→MI pathway that
supports the suppression role of obesity in MI progression. More
references regarding the obesity-driven network were presented
in Supplementary Materials: Obesity_MI_Networks.

GSEA results showed that the 11 obesity-drivenMI promoters
were mostly enriched in the pathways related to blood pressure
regulation. The blood pressure is recorded as two numbers:
systolic blood pressure (SBP) and diastolic blood pressure (DBP).
An inverse relationship between SBP at admission and in-
hospital mortality of acute MI patients has been established
(15, 23, 24). Specifically, patients with lower SBP (<120 mmHg)
at admission had higher in-hospital and post-discharge mortality
rates, while higher SBP at admission was associated with lower in-
hospital mortality rates. Moreover, Shiraishi et al. examined the
prognostic impact of mean arterial pressure (MAP) on acute MI
patients’ in-hospital outcomes. Their results showed that patients
with lower admission MAP (<79 mmHg) presented worse in-
hospital prognosis (15). Interestingly, obesity (BMI ≥ 25 kg/m2)
was significantly related to higher average SBP, DBP, and MAP
(16, 25, 26). These observations indicated an inhibitive role of
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obesity in the progression of MI. Our results partially explain the
lower mortality rates of acute MI patients with obesity (6, 7).

Results of mega-analysis indicated that PTH could be a novel
gene involved in the pathogenesis of MI. This gene (PTH)
demonstrated significantly lower expression in MI patients (LFC
= −45.97; p-value < 1E-324). Nevertheless, our literature-based
network analysis suggested that PTH could play a mixed role in
the pathogenesis of MI. For instance, PTH administration could
stimulate the expression of MMP9, which plays an important
role in the onset and prognosis of MI (27, 28). However,
PTH has also been shown to increase ß-catenin expression and
Wnt/ß-MI development (29–32). Besides, PTH expression has
demonstrated significant variance amongMI patients, which was
influenced by sample size and study age (p < 1e−324). Therefore,
the relationship between PTH and MI needs further validation.

CONCLUSIONS

Our study suggested that obesity could influence MI
progression by driving multiple genes associated with
blood pressure regulation. Moreover, PTH could be a

novel obesity driven gene associated with MI, which needs
further validation.
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