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Abstract

Materials and Methods 

Obesity is a chronic recurrent disease that combines many factors and is
known to cause physical decline and increase the risk of non-communicable
diseases[1]. It is estimated that by 2025, the global obesity rate will reach 18%
for men and more than 21% for women, which will require higher human and
medical costs and more extensive interventions[2]. Therefore, if the genes
related to obesity can be identified through computational biology, the risk and
possibility of developing the disease can be recognized early, and then coupled
with dietary and lifestyle advice, it is possible to help people achieve early
prevention and early screening by means of precision medicine. The purpose
of this study is to investigate the single nucleotide polymorphisms (SNPs)
associated with obesity using genome-wide association studies (GWAS) and to
verify whether there is an association between patients with mutations at
specific genetic loci and various phenotypes using phenotype-wide association
studies (PheWAS).

u TPMI Data Screening and Aggregation
Data were obtained from 58,254 patients' personal medical records and
genetic information from Taichung Veterans General Hospital using the
Taiwan Precision Medical Initiative (TPMI). The codes of International
Classification of Diseases (ICD code) of the patients at the time of treatment
were obtained, and six tests were referenced: Body Mass Index (BMI), waist
circumference, triglycerides, HDL, LDL, and total cholesterol. If two of the
six test values are abnormal, the patient will be considered to be at risk of
obesity, and then combined with TPMI data.
uGenome-wide association study (GWAS)
The combined data were analyzed using PLINK, a free genome-wide
association analysis toolset. The results of the GWAS data were then used to
create a Manhattan plot using the website LocusZoom to identify the most
significant associated SNPs in each indicator and to compile them.
u Phenome-wide association study (PheWAS)
The SNPs to be analyzed were identified from the GWAS association analysis,
and the ICD-9 codes were converted into PheWAS case groups and control
groups. A total of 10 SNPs were analyzed in this study, including aggregation
and merging into the R language, and the Phecode was calculated using the
PheWAS R package, and logical regression was performed on the association
between phenotypes and patients with genetic mutations. Age and gender
were adjusted as covariates in each PheWAS analysis.
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Discussion & Conclusion
In addition, our study will be able to identify patients who have more than
two genes at the same time and which traits are highly associated with
each other by integration, and then discuss how many times the risk is
increased in their condition, so that we can observe the prevalence in the
Taiwanese population and give appropriate recommendations.
This study can provide appropriate advice and reference to patients and
physicians after genetic sequencing, and with more clinical evidence and
research, more precise medical treatment can be provided to patients to
prevent disease risk earlier. If patients are found to have mutations in the
above mentioned genetic loci but have not yet developed the disease, they
can make early adjustments to their lifestyle or dietary habits and refer to
the above study's test values, or cooperate with appropriate treatments
early to prevent the risk of developing obesity and indirectly reduce the
risk of developing other metabolic and lipid diseases.
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Non-obesity obesity
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(Figure 1)

  Hepatitis NOS

  Uterine leiomyoma

  Hemangioma and lymphangioma, any site

  Diabetes mellitus

  Type 2 diabetes

  Type 2 diabetes with renal manifestations

  Short stature
  Proteinuria

  Disorders of lipoid metabolism
  Hyperlipidemia

  Sleep apnea

  Muscular dystrophies
  Corneal dystrophy

  Hypertension

  Essential hypertension

  Hypertensive heart and/or renal disease

  Hypertensive heart disease

  Renal failure NOS

  stress incontinence, female
  Diffuse diseases of connective tissue

  Sicca syndrome

  Digestive congenital anomalies

  Other abnormal blood chemistry

  Fracture of unspecified bones
  Joint/ligament sprain
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PheWAS Manhattan Plot of rs56094641−Study

After aggregation from Figure 4, we can use computational biology to find out that the
genes associated with lipid disorders are regulated by APOA5, APOC1P1, APOE,
NCAPD3, and FTO genes, and the genes most associated with obesity and overnutrition
are regulated by SLC27A6, AC008588.1, where APOC1P1 is associated with dementia,
NCAPD3 & FTO with type 2 diabetes, and SLC27A6, AC008588.1 with chronic
lymphocytic leukemia. APOC1P1 was also significantly associated with dementia,
NCAPD3 & FTO with type 2 diabetes, and SLC27A6, AC008588.1 with chronic
lymphocytic leukemia.

(Figure 2)
the Manhattan plot of BMI Indicator 
(Dotted Line : p=5E-08) 

(Figure 3)
the PheWAS
Manhattan plot of 
SNPs rs56094641
on FTO gene
(red line: p=0.05) 

The most significantly associated
gene in the BMI index using GWAS
was FTO, and the same results were
found as in other important literature
[3], and the results of the PheWAS
association analysis showed that
patients with mutations in the FTO
gene were significantly associated
with hypertension and diabetes
compared to those without mutations.

(Figure 4)
Genetic linkage map

The most significant SNPs of
triglycerides, HDL, and the three
indicators judged as obesity in the study
were all APOA5_rs662799, and the
results obtained from the association
analysis using PheWAS to verify the
mutation of APOA5 gene in patients with
TPMI data were also associated with
hypertriglyceridemia, hyperlipidemia,
and other lipid disorders, so we can see
that the mutation of APOA5 gene is a
very important reference for lipid testing.

(Table 2)
Comprehensive GWAS results table

From Table 1, we can see that after the TPMI data were
adjusted for age and gender by 1:3, a total of 12,671 people
were judged to be at risk of obesity and 38,013 people were not
at risk of obesity. The data are similar in terms of gender and
age box plot in Figure 1 because of the adjustment.

Figure 2 shows the GWAS association data of TPMI data calculated by PLINK toolset, and
the Manhattan plot was drawn with the help of LocusZoom website.The above figure takes
the BMI index as an example, and we can see that the most significant correlation with BMI
is the FTO gene.
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