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ABSTRACT  

  

  

ASSOCIATION OF TRADITIONAL CHINESE MEDICINE (TCM) 

BODY CONSTITUTION, WAIST CIRCUMFERENCE AND FASTING 

BLOOD GLUCOSE WITH HNF1A AND CAPN10 POLYMORPHISMS 

  

 SEE YING MEI 

  

Traditional Chinese Medicine Body Constitution (TCM BC) is a classification 

of individual’s body condition influenced by acquired and inborn factors based 

on Chinese medicine theory. These factors may disturb and cause Yin and Yang 

imbalance, leading to increased susceptibility to certain diseases. Metabolic 

syndrome (MetS) is a group of illnesses caused by dysregulation biochemical 

pathways. MetS is strongly related to abdominal obesity and diabetes. 

Susceptibility to MetS may differ according to demographic distribution and 

BMI. TCM BC leads the foundation for diagnosis, treatment and disease 

prevention. The relationship between TCM BC with abdominal obesity and 

diabetes was included in this study. Gene variant can increase risk of MetS. 

Association of metabolic gene variants with abdominal obesity, diabetes and 

TCM BC was included in this study. Convenience sampling was used, and 102 

subjects were recruited with informed consent in this study. Demographic 

distribution and COVID-19 history were self-declared by respondents. TCM 

BC was determined using questionnaire. Waist circumference, fasting blood 

glucose level and anthropometric measurement were measured. Blood was 

drawn for DNA extraction to genotype rs735396 and rs2975760. SPSS 26.0 

was used for data analysis. The prevalence of abdominal obesity and diabetes 
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in this study were 34.31% and 1.96%, respectively. Both studied variants were 

found significant with minor allele frequency > 0.05. Gender, age, place of 

origin and anthropometric measurement had significant difference in waist 

circumference and fasting blood glucose level. There was no significant 

association between TCM BC and gene variants studied as well as between 

demographic distribution, anthropometric measurements and COVID-19 

history with TCM BC. Association between TCM BC with waist circumference 

and fasting blood glucose level cannot be ruled out as majority study subjects 

have either gentleness or combinations of body constitutions. Larger sample 

size and involvement of population with broader variation are recommended in 

future study.  
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CHAPTER 1 

INTRODUCTION 

 

Traditional Chinese Medicine Body Constitution (TCM BC) is the classification 

of an individual’s body condition based on the theory of traditional Chinese 

medicine from the Yellow Emperor’s Inner Classic. Different factors including 

inherited or acquired factors may lead to different body constitutions that drive 

the susceptibility of an individual susceptible to certain diseases including 

inherited or acquired factors (Li, et al., 2017). The contributing acquired factors 

include dietary factors, environmental factors, emotional status, and lifestyle 

(Sun, et al., 2014). Meanwhile, inheritable factors are referring to inherited traits 

that make an individual susceptible to certain diseases. The inherited traits are 

also included the single nucleotide polymorphism (SNP) that present in certain 

regulatory genes in predisposing to certain diseases (Shastry, 2007). Inherited 

traits are unmodifiable and permanent. Therefore, there is a need to put more 

emphasis on lifestyle modification to avoid acquired factors that are harmful to 

health (Hsu, et al., 2022).  

 

Based on TCM BC, there are a total of nine body constitution types which can 

be classified into Neutral, Qi Deficiency, Yang Deficiency, Yin Deficiency, 

Damp-heat, Qi Stagnation, Phlegm-dampness, Blood Stasis, and Special 

Diathesis. An individual is known to have a neutral body constitution when their 

internal organs are functioning optimally and developing disease resistance. 

Both the Yin and Yang deficiency body constitution types are implying of a 

state of imbalanced body condition. In TCM, Yin and Yang always need to be 
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maintained in an equilibrium state. A person with excessing of Yang would be 

showing symptoms of heatiness including fever, headaches, insomnia, and even 

abscesses may be seen in a damp-heat body constitution. Conversely, Yin is 

contradicting the Yang. Excessive Yin may lead to water retention or chills. 

Different TCM BC may influence the susceptibility to metabolic syndrome such 

as diabetes mellitus (You, et al., 2017). In addition, TCM possesses great 

potential in managing the acquired factors that may predispose to metabolic 

syndrome (Xu, et al., 2018). 

 

According to National Heart, Lung, and Blood Institute (NHLBI) (2022), 

metabolic syndrome refers to a group of illnesses that increase the risk of getting 

coronary heart disease, diabetes, stroke, and other health complications. A large 

waist circumference, high blood pressure, high blood glucose levels, high blood 

triglyceride, and low high-density lipoprotein (HDL) level are the five criteria 

related to metabolic syndrome. If an individual has three or more of the above 

conditions, the individual is considered to have metabolic syndrome (National 

Heart, Lung, and Blood Institute, 2022). The attention of this study was to look 

into the waist circumference and fasting blood glucose level to investigate 

abdominal obesity and diabetes mellitus, respectively. 

 

According to the National Health and Morbidity Survey (2019), the prevalence 

rate of abdominal obesity and diabetes in Malaysia was high, with one out of 

two adults and one out of five adults, respectively. One of the significant risk 

factors for abdominal obesity and diabetes is the genetic factor. There is a 

polygenic contribution that increases the risk for both obesity and diabetes 



3 
 

(Romao and Roth, 2008). The HNF1A and CAPN10 genes are known to be the 

genes associated with diabetes, particularly in affecting insulin secretion (Murea, 

Ma, and Freedman, 2012). It had been commonly reported diabetic patients with 

family history with at least one parent had type 2 diabetes mellitus (Klein, et al., 

1996). However, lifestyle and obesity are environmental factors that may alter 

genetic susceptibility (Murea, Ma, and Freedman, 2012). In addition, the 

National Health and Morbidity Survey (2019) also revealed diabetes is closely 

related to abdominal obesity. According to World Health Organization (2022), 

type 2 diabetes mellitus was reported to constitute up to 95% of diabetic patients 

primarily due to obesity and physical inactivity. In type 2 diabetes mellitus, 

patients were found with resistance to insulin. 

 

Mature-onset diabetes of the young (MODY) is one of the most prevalent kinds 

of monogenic diabetes which is inherited as an autosomal dominant pattern 

(Hoffman, et al., 2022). Patients with MODY may misdiagnose as having type 

1 diabetes mellitus as the clinical presentation typically presented before the age 

of 25 (McDonald and Ellard, 2013). MODY is due to the defects in the growth 

of pancreatic islet cells that reduce insulin output. The defects and phenotype 

could be varied depending on the expression of HNF1A and patients usually 

have heterozygous mutations in the HNF1A gene (Hoffman, et al., 2022). In this 

study, the polymorphisms of the HNF1A gene were studied in relation to 

abdominal obesity and diabetes mellitus. The association of the acquired factors 

with TCM BC in relation to metabolic syndrome was investigated in this study.  

 

 



4 
 

1.1 Significance of Study  

This study drives attention to the relationship between TCM BC with abdominal 

obesity and diabetes among Malaysians. This will provide insights into better 

marker diagnosis in the planning of preventive measures and treatments. 

Lifestyle modification to change TCM BC would be significant in the 

prevention of abdominal obesity and diabetes. In addition, the SNP in the gene 

in relation to abdominal obesity and diabetes may act as the prognostic marker 

for the diagnosis of abdominal obesity and diabetes. 

 

1.2 Objective of Study  

In this study the objectives are: 

1. To determine the prevalence of abdominal obesity and diabetes. 

2. To identify the relationship between demographic distribution, 

anthropometric measurement, and COVID-19 history in the past one month 

with waist circumference and fasting blood glucose level. 

3. To identify the relationship between TCM body constitution with waist 

circumference and fasting blood glucose level. 

4. To compare the waist circumference and fasting blood glucose among 

different rs735396 and rs2975760 variants. 

5. To determine the association between TCM body constitutions and the 

variants rs735396 and rs2975760. 

6. To associate the demographic distribution, anthropometric measurement, 

and COVID-19 history in the past one month with TCM body constitution. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Metabolic Syndrome  

The combination of obesity, hypertension, dyslipidemia, and insulin resistance 

is known as metabolic syndrome (MetS). MetS is a group of symptoms and the 

elements of MetS can be resulted due to strong heredity (Cornier, et al., 2008.). 

Type 2 diabetes mellitus (T2DM) is also more likely to develop in patients with 

metabolic syndrome. In addition to physical inactivity, aging, and hormonal 

imbalance, MetS present abdominal obesity and insulin resistance as its main 

underlying risk factors. High metabolic risk markers are found among those 

with two diabetic parents or one parent and a first- or second-degree cousin is 

insulin resistant. Hence, MetS may consist of a collection of unconnected risk 

factors or a constellation of risk variables (Grundy, et al., 2005). 

 

2.1.1 Prevalence of Metabolic Syndrome in Malaysia  

Metabolic syndrome was reported to affect 25 to 40% of the adult population of 

Malaysia as increasing with age. Obese kids who also at another risk of getting 

MetS. Predominant of them are of Indian descent, followed by Malay and 

Chinese descent. It was also discovered that socioeconomic factors such as 

living in metropolitan regions, being unemployed, having a lower income, 

having less education, and working shifts were associated with a higher 

frequency of metabolic syndrome (Lim and Cheah, 2016). Due to the high 

prevalence rate of MetS among Malaysia population, this had presented that 

management of metabolic syndrome in Malaysia is lacking and ineffective. An 
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earlier study reported that BMI, diabetes, and hyperlipidemia were strongly 

correlated with metabolic syndrome in women. Meanwhile, diabetes and 

hypertension were significantly correlated with metabolic syndrome in men. 

Metabolic syndrome was strongly correlated to lifestyle and cardio-metabolic 

risk factors (Manaf, et al., 2021). 

 

Asian countries were also reported with a high extent of MetS incidence. 

However, differences in lifestyle habits and ethnicities have contributed to the 

distribution of MetS. There is a rising trend of MetS prevalence reported in 

Singapore, China, and Malaysia when using the Asian-adapted definitions on 

the Adult Treatment Panel III (ATP-III) criteria of the National Cholesterol 

Education Program (NCEP).  For instance, the body fat distribution among 

populations in Europe or North America regions in defining obesity cannot be 

accepted by Asian populations because the quantity and distribution of body fat 

in Asians are different. Hence, it was discovered that the Joint Interim Statement 

(JIS) "Harmonized" criterion definition was more useful for estimating the 

proportions of MetS in Asian populations (Manaf, et al., 2021). 

 

2.1.2 Prevalence of Metabolic Syndrome in Younger Population  

Metabolic syndrome is not just a problem for adults, but also among children. 

This had been seen in Korean children and teenagers with a high prevalence of 

MetS as well as the frequency of metabolic syndrome in the younger population 

is also rising. (Park, et al., 2021; Cornier, et al., 2008). In United States, the 

prevalence of metabolic syndrome has rapidly increased along with obesity. 

There is an increase of 1.5 times MetS among children and adolescents. Hence, 
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metabolic syndrome is becoming more common among younger people as well 

as not just the elderly (Cook, et al., 2003; Ogden, et al., 2002). MetS can result 

in insulin resistance or insulin deficiency which may give rise to diabetes 

mellitus (World Health Organization, 2022). 

 

2.2 Diabetes Mellitus 

Diabetes mellitus is a chronic condition resulting either from insufficient insulin 

production by the pancreas or inefficient insulin utilization by the body. Insulin 

is a hormone to control blood sugar levels. Uncontrolled blood sugar level 

frequently results in hyperglycemia, which may cause substantial harm to body 

systems. Diabetes mellitus may contribute to renal failure, heart attacks, strokes, 

blindness, and lower limb amputation. Type 2 diabetes can be prevented by 

maintaining an appropriate diet, engaging in regular physical activity, 

maintaining optimal body weight, and abstaining from tobacco use. According 

to World Health Organization (2022), diet, exercise, medication, and proper 

treatment can help to treat diabetes and prevent its complications. Type 1, type 

2, maturity-onset diabetes of the young (MODY), gestational diabetes, neonatal 

diabetes, and steroid-induced diabetes are a few subtypes of diabetes mellitus. 

The primary subtypes of diabetes mellitus are type 1 and type 2 diabetes mellitus.  

Each subtype has a unique etiology, presentation, and therapy (Sapra and 

Bhandari, 2022). 

 

Type 1 diabetes mellitus (T1DM) is due to the absence of insulin production by 

pancreatic β-cells. This can be due to autoimmune destruction of the pancreatic 

β-cells leading to the absence of insulin production. Hereditary flaws in 
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pancreatic β-cells’ ability to sense glucose as well as other genetic or acquired 

disorders are also the factors leading to T1DM (Sims, Mirmira and Evans-

Molina, 2020).  

 

Type 2 diabetes mellitus (T2DM) is the most prevalent type of diabetes and is 

characterized by insulin resistance by target tissues. This condition may 

aggravate when there is a progressive loss of β cells in insulin secretion. Genetic 

predisposition can be one of the risks leading to T2DM. Other than genetic 

factors, obesity, and a sedentary lifestyle are also contributing to T2DM. 

Appropriate physical activity may help in delaying the onset of T2DM, 

including skeletal muscle contraction can increase blood flow into the muscle 

and subsequently improve plasma glucose absorption. In addition, exercise 

lowers the infamous intra-abdominal fat that causes insulin resistance. A 

moderate-intensity exercise may enhance 40% more glucose uptake giving to 

higher insulin sensitivity and glucose uptake and reducing or even eliminating 

inflammation and oxidative stress that may be the risk factors for T2DM 

(Galicia-Garcia, et al., 2020). 

 

The fasting plasma glucose (FPG) test is one of the laboratory diagnosis 

methods for T2DM (Centers for Disease Control and Prevention, 2023). This 

diagnosis is a single point in time that is used to determine the blood glucose 

level. The test is carried out in the morning after the subject has been fasting for 

at least 8 hours with only consuming small amounts of water (Davidson, et al., 

2021; NIDDK, 2022). The fasting glucose level should fall less than 5.55 

mmol/L in non-diabetes individuals. This level would rise between 100 to 125 
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mg/dL (5.55-6.94 mmol/L) for prediabetics while more than 126 mg/dL (6.99 

mmol/L) for diabetic individuals.  

 

Inheritable diabetes in monogenic forms can lead to decreased insulin release 

from pancreatic cells due to a single gene mutation. These types of diabetes, are 

genetically diverse, including mitochondrial diabetes, permanent or temporary 

neonatal diabetes, and maturity-onset diabetes of the young (MODY). MODY 

was resulted in an autosomal dominant pattern leading to the main deficiency 

of insulin production (Yau, et al., 2021). 

 

2.2.1 Prevalence of Diabetes Mellitus in Malaysia 

Diabetes mellitus had been reported as one of the three most prevalent non-

communicable diseases in the Asia Pacific region. Malaysia has been reported 

as one of the countries with the highest prevalence rate of diabetes in the 

Western Pacific (Mafauzy, et al., 2016). The prevalence of diabetes in Malaysia 

had raised from 11.2% in 2011 to 13.4% in 2015 and then to 18.3% in 2019. 

This makes Malaysia known as the "Sweetest Nation in Asia" which accounted 

for approximately 1 in 5 of the population's adults. According to National 

Health and Morbidity Survey in 2019, there is estimated 3.5 million adults in 

Malaysia aged 18 and above were having diabetes in 2015 but the number rose 

to 3.9 million in 2019. The highest prevalence rate of diabetes mellitus was 

discovered in Negeri Sembilan (33.2%), followed by Perlis (32.6%), and 

Pahang (25.7%). In Malaysia, T2DM prevalence has increased to 20.8% in 

individuals over the age of 30, which accounted for approximately 2.8 million 

people (Akhtar, et al., 2022; Ministry of Health Malaysia, 2019). By expectation, 
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diabetes would affect 7 million Malaysian adults aged 18 and above by 2025 at 

a prevalence rate of up to 31.3%. This may pose a major public health risk. 

Population growth, aging populations, urbanization, and obesity are the 

contributing factors to the high prevalence rate (Akhtar, et al., 2022). 

 

2.2.2 Pathophysiology of Diabetes Mellitus 

Diabetes mellitus can be resulted by insulin dysregulation. The β-cells produce 

pre-proinsulin and undergoes a structural change during maturation to produce 

proinsulin. Proinsulin enters into immature secretory vesicles and is cleaved 

into C-peptide and insulin. Elevated glucose levels trigger the release of insulin 

from granules. A glucose sensor for β-cells, the glucose transporter 2 (GLUT2) 

which is known as a solute carrier protein would help absorption of glucose by 

β-cells when circulating glucose levels rise. Once glucose is ingested, glucose 

catabolism is initiated. This raises the intracellular ATP/ADP ratio, which 

causes the ATP-dependent potassium channels in the plasma membrane to be 

closed. In order to allow Ca2+ to enter the cell, the membrane depolarizes and 

opens the voltage dependent Ca2+ channels. The priming and fusing of the 

secretory insulin-containing granules to the plasma membrane are due to an 

increase in the intracellular Ca2+ concentration, which leads to insulin 

exocytosis. The most significant messenger-enhancing insulin release is by 

cAMP (Fu, Gilbert and Liu, 2013). By reducing intracellular ion Ca2+ reservoirs 

and raising intracellular Ca2+ concentrations, cAMP triggers the mobilization of 

insulin-containing secretory vesicles. Release of insulin from β-cells is affected 

when the β-cells are malfunction (Galicia-Garcia, et al., 2020). 
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Death of β-cells is associated with β-cell dysfunction. Recent research reported 

a more intricate network of interactions between the environment and many 

biochemical pathways that may lead to dysfunction of β-cells in T2DM. 

Hyperglycemia and hyperlipidemia may lead to insulin resistance and chronic 

inflammation and these harmful stresses that act on β-cells may eventually 

result in the loss of islet integrity. Obesity-related lipotoxicity, glucose toxicity, 

and glucolipotoxicity cause oxidative stress and metabolic stress that harm beta 

cells. Stress resulting from high levels of saturated free fatty acids can activate 

the unfolded protein response (UPR) pathway that lead to changes in 

physiological Ca2+ mobilization, activation of proapoptotic signals, degradation 

of proinsulin mRNA, and release of interleukin-1 (IL-1), which attracts 

macrophages and intensifies inflammation within islets. Eventually, this will 

result in loss of islet integrity, obstruct cell-to-cell communication within 

pancreatic islets, cause poor regulation of insulin and glucagon release, and 

finally aggravating hyperglycemia. Figure 2.1 summarises the pathogenesis of 

T2DM. Failure of pancreatic islet cell may lead to insulin resistance and 

associated with T2DM (Galicia-Garcia, et al., 2020). 
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Figure 2.1: Pathophysiology of Type 2 diabetes mellitus (Javeed and 

Matveyenko, 2018). 

 

2.2.3 TCM Body Constitution with Diabetes Mellitus 

An individual's TCM body constitution was determined by the harmony of Yin 

and Yang. The reduction of the material and energy levels are referred to as Yin 

and Yang deficiencies, respectively. Unbalanced BCs are more likely to 

predisposition to specific diseases and experience different disease progression. 

Some clinical research using BCQ presented associations between various BCs 

with some disorders, including diabetes, breast cancer, schizophrenia, 

menopausal symptoms in women, and pregnancies (Lee, et al., 2022). A cross-

sectional study discovered that phlegm stasis BCs, yin deficiency, and yang 

deficiency are strongly associated with diabetes (Tsai, et al., 2014). Another 

investigation revealed a cross-sectional link between diabetic retinopathy and 

yang deficiency (Lee, et al., 2015). In impaired glucose regulation (IGR) 
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participants, damp-heat and phlegm-dampness TCM body constitution is 

substantially correlated with aberrant serum cytokines and may be used to 

predict the development of diabetes (You, et al., 2017). The most common body 

constitution types seen in diabetics are yin deficiency and phlegm-dampness 

(Bai, et al., 2021).  

 

2.3 Genetic Factors with T2DM: HNF1A Gene  

HNF1A gene is known as hepatocyte nuclear factor 1 alpha gene. It encodes 

transcription factors in the liver. The HNF1A controls the expression of 

numerous genes including albumin, α1-antitrypsin, and β-fibrinogen, as well as 

pancreatic genes that are involved in glucose metabolism and transportation 

through the regulation of pyruvate kinase and the glucose transporter GLUT2. 

Therefore, HNF1A may be crucial for the control of GLUT2 transcription (Ban, 

et al., 2002). Besides, HNF1A also controls the expression of the insulin gene 

in the liver, in controlling metabolic processes and function of β-cells (Galán, 

et al., 2010).  

 

2.3.1 Mutation in HNF1A Gene 

Loss of HNF1A protein function will affect hepatocyte proliferation. Mutation 

in HNF1A gene may cause maturity-onset diabetes of the young (MODY). 

MODY is a collection of disorders defined by unusually high blood sugar levels 

(Miyachi, et al., 2022). The mutation in HNF1A gene leads to insulin resistance 

or failure of the autoimmune pancreatic β-cells and frequently developed before 

the age of 30. The most prevalent form of MODY is known as HNF1A-MODY 

or MODY3. This is characterized by autosomal dominant inheritance that will 
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lead to progressive failure of β-cell due to the presence of mutation in one of 

the copies of HNF1A gene. These mutations may cause an altered HNF1A 

protein to be produced that is unable to perform its function as transcription 

factor and may exhibit higher sensitivity to sulfonylureas leading to a lower 

renal threshold for glucose reabsorption (Galán, et al., 2010). 

 

The mutation in HNF1A gene leads to the synthesis of altered HNF1A protein 

that is unable to perform its function, including being unable to form dimers, 

unable to enter the nucleus to interact with DNA, and unable to bind to DNA to 

regulate gene activity. Dimerization, DNA-binding, and transactivation 

domains are the three major functional domains of the HNF1A protein. The 

transactivation domain mutation causes minor alterations in the HNF1A protein 

structure (Zhao, et al., 2022). These will further inhibit the production of 

functional β-cells and subsequently unable to make insulin in response to blood 

sugar. The signs and symptoms of MODY are brought on by an increase in 

blood sugar (National Library of Medicine, 2019).  

 

HNF1A is crucial for hepatocyte processes such as protein synthesis, lipid 

metabolism, detoxification, and glucose production and storage. A severely 

enlarged liver and gradual liver damage that results in hepatocyte degeneration 

are both brought on by an HNF1A deficiency. Plasma levels of liver enzymes 

are influenced by SNPs in the HNF1A gene, according to genome-wide 

association studies (Qian, et al., 2015). Rs735396 was included in this study to 

relate to the blood glucose level among Malaysia population. 
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2.3.2 rs735396 in HNF1A Gene 

Human pancreatic islets with HNF1A mutations will encode more alpha and 

beta cells from stem cells but are prone to differentiate into alpha cells (Miyachi, 

et al., 2022). The rs735396 variant will also influence the waist circumference 

of an individual. The rs735396 polymorphism can change the levels of various 

indicators for the metabolic and inflammatory pathways, including C-reactive 

protein, and may indicate a hereditary propensity to obesity. The enhancer 

regulatory region gene rs735396 may influence the temporal interaction 

between several transacting factors and the HNF1A enhancer, modulating the 

expression of HNF1A (Dallali, et al., 2022). According to Morjane et al. (2017), 

rs735396 variant is associated with metabolic syndrome. On the other hand, a 

study found that the variant combinations in the HNF1A gene which includes 

the rs735396 polymorphism will reduce the risk of T2DM in Chinese 

population (Wang, et al., 2007).  

 

2.4 CAPN10 Gene 

CAPN10 gene encodes for calpains which are intracellular, nonlysosomal 

proteases. Calpains can hydrolyze substrates that are crucial to calcium-

regulated signaling pathways. There are approximately 14 isoforms of calpains 

present in many tissues, and some are significant in the regulation of diabetes. 

The calcium ion is essential for insulin release from β -cells in response to 

secretagogues. Calpain-10 (CAPN10) protein is involved in insulin processing, 

insulin secretion, and insulin action. In non-diabetic family members of 

individuals with a high risk for T2DM, the CAPN10 affects insulin sensitivity 

and glucose homeostasis (Prajapat and Bhattacharya, 2016). Studies found 
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genetic variation in CAPN10 was responsible for 14% of the population-

attributable risk for type 2 diabetes among Mexican Americans (Horikawa, et 

al., 2000) Calpain-10 is a crucial regulator of insulin secretion as it is associated 

with the etiology of T2DM. CAPN10 protein is implicated in insulin-stimulated 

glucose absorption in human skeletal muscle cells. CAPN10 protein processes 

microtubule-associated protein 1 family protein and regulates their binding 

activities to microtubules and actin filaments. Actin reorganization, 

coordination, and dynamics may be affected by MAP1 family processing 

defects associated with CAPN10 deficiency (Hatta, et al., 2018).   

 

Inhibition of calpains will prevent insulin production as calpain-10 contribute 

to the actin rearrangement necessary for glucose-stimulated insulin release 

(Ling, et al., 2009). Hence, a deficiency of calpain-10 expression will lead to 

insulin resistance and impaired insulin secretion. According to a study (Sáez, et 

al., 2008), the genetic interaction between the CYP19 and CAPN10 genes 

increases susceptibility to T2DM. Calpain-10 may have a direct regulatory 

impact on the glucose absorption mechanism because it did not affect insulin-

stimulated glycogen production or insulin signaling via protein kinase B when 

its expression was suppressed (Brown, et al., 2007). 

 

CAPN10 protein promotes the translocation of glucose transporter 4 (GLUT4). 

Reduced CAPN10 protein expression reduces actin rearrangement, glucose 

uptake, and GLUT4 vesicle translocation in adipocytes in response to insulin. 

Additionally, skeletal muscle insulin-stimulated glucose absorption is impaired 

by targeted inhibition of CAPN10 protein expression. Furthermore, calpain 
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inhibition, rather than targeted suppression, reduces β-cell actin rearrangement 

and insulin release. A long-term treatment (48 hours) of mouse islets to calpain 

inhibitors showed a reduction of glucose-stimulated insulin production. Short-

term exposure to calpain inhibitors increases insulin secretion by rapid 

exocytosis of insulin granules (Hatta, et al., 2018). Mutations in 

the CAPN10 gene were found to affect the severity of gestational diabetes 

mellitus in women, and a significant number of women with higher grades of 

gestational diabetes mellitus have the mutation in CAPN10 gene (Zhang, et al., 

2019). 

 

2.4.1 rs2975760 in CAPN10 Gene 

A recent study shows that the rs2975760 mutation in CAPN10 gene will cause 

the development of diabetes as the SNP is located in the locus of CAPN10 gene 

that is associated with diabetes and higher risk in getting T2DM (Nam, et al., 

2018; Song, et al., 2004). Study mentioned that the C allele of 

the CAPN10 rs2975760 polymorphism will increase the risk of T2DM (Yan, et 

al., 2014). The TT genotype is the wild type while the CC and TC genotypes 

are the mutant genotype (Zheng, et al., 2021). The rs2975760 polymorphism 

may either directly affect type 2 diabetes susceptibility (Evans, et al., 2001). 

Study also found that the rs2975760 will affect the grade of gestational diabetes. 

Pregnant women with mutant genotypes of CAPN10 may be recognized as 

having an elevated risk of gestational diabetes mellitus (Zhang, et al., 2019). 

Grade B and D diabetes was found strongly associated with CC and TC 

genotypes of rs2975760 However, study also claims that the rs2975760 may not 

be individually associated with diabetes but suggested that the rs2975760 
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polymorphism is linked with other polymorphism on CAPN10 gene in leading 

to the association with diabetes (Bodhini, et al., 2011). The likelihood ohhf 

mutant-type homozygotes would rise if external environmental factors or 

metabolic circumstances had an impact on heterozygotes (Zhang, et al., 2019). 

Therefore, the effect of this SNP may need further elucidation. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Chemicals, Reagents, and Instruments  

The chemicals, reagents, instruments, and consumables that are being used 

throughout the study were listed in Table 3.1 and 3.2, respectively. 

 

Table 3.1: Chemicals and reagents used in this study. 

Chemicals / reagents Manufacturer 

50 bp DNA ladder GeneDireX, United States 

Acetic acid Synerlab, France 

Agarose powder Vivantis Technologies, Malaysia 

DNA extraction kit Favorgen Biotech Corp., Taiwan 

DNA loading buffer 1st BASE, Singapore 

EDTA Orioner Hightech Sdn Bhd, Malaysia  

Gel-Red Stain Nippon Genetics Europe GmbH, Germany 

Glucometer  Bayer, German 

Master Mix GeneDireX, United States 

Primers Integrated DNA technologies, United States 

Tris Thermo Fisher Scientific, United States 

Tris-EDTA (TE) buffer 1st BASE, Singapore 
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Table 3.2: Instruments and consumables used in this study. 

Instruments / consumables Manufacturers 

Analytical Balance Shimadzu, Japan 

Autoclave Machine Hiramaya, Japan 

Centrifuge Machine (Big) Thermo Scientific, United States 

Centrifuge Machine (Small) Fisher Scientific, United States 

EDTA Tube  Shandong Chengwu Medical Products 

Factory, China  

Chengdu Puth Medical Plastic Packaging, 

China 

Freezer (-20 °C) Pensonic, Malaysia 

Fridge (4 °C) Galaxy 202, Malaysia 

Gel Cast Major Science, United States 

Gel Image Viewer Biorad, United States 

Gel Tank Major Science, United States 

Stadiometer Seca, Germany 

Hot Plate with Stirrer Harmony, Japan 

Kimwipes  Kimberly-Clark Corporation, United States 

Lancet ACCU-Chek, Malaysia 

Measuring Cylinder Favorit, Malaysia 

Microwave Panasonic, Japan 

Nanodrop Thermo Scientific, United States 

Needles  Terumo, Japan 

PCR Machine Analytik Jena, Germany 

Hangzhou Bioer Technology Co., Ltd., China 

Pipette P10 DLAB Scientific Co., Ltd., United Kingdom 

Pipette P100 Biologix, United States 

Pipette P1000 Biologix, United States 

Power Supply Major Science, United States 

Schott Bottle Kimble, United States 

Duran, Germany 

Sewing Tape Wintape Co., Ltd, China 

Syringe  Terumo, Japan 

Vortex AITbiotech, Singapore 

Water Bath Incubator Memmert, Schwabach 
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3.2 Experimental Design  

The study was conducted as the experimental design as shown in Figure 3.1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1： Overview of experimental design  
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3.3 In silico Analysis  

The minor allele frequency for rs735396 and rs2975760 were checked through 

single nucleotide polymorphism (SNP) database. According to the National 

Library of Medicine in year 2022, the minor allele frequency reported for the C 

allele of rs735396 was ranging from 0.088 to 0.516 (National Library of 

Medicine, 2022b)., while the minor allele frequency reported for the C allele of 

rs2975760 was ranging from 0.046 to 0.230 (National Library of Medicine, 

2022a). As both SNPs MAF> 0.05, indicating a significant SNP. Thus, this 

study included the SNP genotyping for rs735396 (T>C) and rs2975760 (T>C). 

Primers were designed for these two SNPs.   

 

3.4 Primers 

3.4.1 Primer Design 

A multiplex PCR method, tetra-primer amplification refractory mutation system 

(ARMS) PCR was used in this study. A set of four primers were designed to 

detect the specific SNP, comprised of an outer forward, outer reverse, inner 

forward, and inner reverse primers. Nucleotide sequence for HNF1A gene and 

CAPN10 genes were obtained from the NCBI database under the accession 

number NC_000012 and NC_000002 respectively. The location of the SNPs 

was identified, and the sequence was extracted for primers design. The primers 

were designed using primer design software, PRIMER1.  
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Two sets of primers were designed to detect rs735396 and rs2975760 

respectively. The primer sequences are listed in Table 3.3a and 3.3b. Each set 

of primer consists of 4 primers and the primer sequence was sent to Integrated 

DNA Technologies for primer synthesis.  

 

Table 3.3a: rs735396 primers, targets and amplicon size 

Primer sequence 5’ → 3’ Amplification Size 

Forward inner primer (T allele): 

475 GTGGGTGTGGGTGCCTGGTGGGTGTCT 

501 

Mutant  

IF-OR 
193 

Reverse inner primer (A allele): 

529 

GGACACTGCAGAGGCAAACAAGGCTGATG 

501 

Wild type  

OF-IR 
263 

Forward outer primer (5' - 3'): 

267 CTACCTCGGCATCTCACCGGGGCTTCTC 

294 Internal 

control  

OF-OR 

400 Reverse outer primer (5' - 3'): 

666 

CCCAGGTGCCGTGGTTACTGGGAGGAAG 

639 

 

Table 3.3b: rs2975760 primers, targets and amplicon size 

Primer sequence 5’ → 3’ Amplification Size 

Forward inner primer (T allele): 

476 GACTGCAGGGCGCTCACGCTTGCGGT 

501 

Mutant  

IF-OR 
200 

Reverse inner primer (A allele): 

529 

TTAGCCTCACCTTCAAACGCCTTACTGCG 

501 

Wild type  

OF-IR 
274 

Forward outer primer (5' - 3'): 

256 

AAGGCAACTGGACTGACAGGCAGGCAGG 

283 Internal control  

OF-OR 
419 

Reverse outer primer (5' - 3'): 

674 

TCACCATGGGAGTGAGCCTCTGGCATTG 

647 
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The SNP (T > C) was targeted for rs735396 at exon 9 of HNF1A gene at 

chromosome 12. The SNP is located at position 27296 of the gene as shown in 

Figure 3.2a. Meanwhile, the SNP (T > C) was targeted for rs2975760 at exon 

12 of CAPN10 gene at chromosome 2. The SNP is located at position 10021 of 

the gene as in figure 3.2b. The SNPs on the exons were chosen in this study as 

the exons are the coding region which will code for protein after the translation. 

The non-coding region which is the intron will be removed forming the mature 

mRNA and eventually the non-coding region is not translated. Figure 3.2a and 

3.2b showed the primers targeting the exon 9 and exon 12 in detecting rs735396 

and rs2975760 respectively.  

 

rs735396 (T > C) 

 

 

 

 

Figure 3.2a: Primers targeting the exon 9 to detect rs735396 

 

rs2975760 (T > C) 

 

 

 

 

Figure 3.2b: Primers targeting the exon 12 to detect rs2975760 
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3.4.2 Preparation of Stock Primer 

The primers were received in lyophilized form. The lyophilized primers were 

centrifuged to spin down and then reconstituted with TE buffer. A specific 

volume of TE buffer was added into the tube according to the specification sheet 

and the mixture was mixed by pulse vortex. The specification sheet of the 

primers was attached at Appendix A.  

 

3.5 Development of Questionnaire 

The questionnaire was adopted from the China Association of Chinese 

Medicine, published in 2009. The body constitution questionnaire consists of 

63 questions asking about the frequency of experience of study subjects in near 

a month using a 5-point Likert-type scale. Google Form platform was used to 

develop the questionnaire to minimize the cost of printing and ease the data 

entry process. The questionnaire was divided into 10 sections: demographic 

data, questions of body constitution in different categories, Yang Xu, Yin Xu, 

Qi Xu, Tan Shi, Shi Re, Xue Yu, Te Bing, Qi Yu, and Ping He. The 

questionnaire was attached as Appendix H. 

 

3.6 Ethical Approval 

Prior to the commencement of the study, ethical approval was obtained from 

UTAR Scientific and Ethical Review Committee (SERC) (Re: 

U/SERC/221/2022). The ethical approval was attached as Appendix I. 
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3.7 Sample Recruitment  

Poster with registration link was shared through social media and pasted at 

Block D, UTAR and in a Traditional Chinese Medicine clinic in Ipoh. 

Appointments were made with the participants who registered through the link. 

The walk-in patients in the clinic were also approached. The volunteers were 

briefed about the study. Informed consents were obtained prior sample 

collection. Samples were recruited based on the inclusion and exclusion criteria.  

 

Inclusion criteria: 

• 18 years old and above  

• Fasting state 

• Willing to involve in venepuncture and finger pricking  

Exclusion criteria: 

• Pregnancy 

• Below 18 years old 

• Not willing to involve in venepuncture and finger pricking  

Sample size was calculated to meet 90% significance level with 20% drop off 

rate. According to Joint Interim Statement (JIS), the expected prevalence of 

metabolic syndrome is 43.4% (Ramli, et al., 2013). Therefore, using the formula 

to calculate the significant sample size by Naing, 2003. The significant sample 

size calculated was 67. In addition to the 67 significant sample size with 20% 

of drop off rate, the significant sample size was 81 samples.  
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𝑛 =
𝑍2𝑝(1 − 𝑝)

𝑑2
 

𝑛 =
(1.6452).0.434. (1 − 0.434)

0.12
 

𝑛 = 67 

Addition 20% Drop Off Rate: 

n = 67 x 120% 

n = 81 

 

n = sample size 

Z = statistic level for 90% level of confidence = 1.645 

p = expected prevalence of metabolic syndrome (JIS) = 0.434 

d = 10% allowable error = 0.1 

 

3.8 Data Collection 

All participants were required to fill up the TCM body constitution 

questionnaire either prior to their appointments or on the spot via QR code 

provided. The anthropometry measurements of the participants were measured 

using stadiometer for height, weighing scale for weight and measuring tape for 

waist circumference. 

 

3.9 Metabolic Risk Factors Measurements  

3.9.1 Waist Circumference Measurement  

Measuring tape was used to measure the waist circumference of the subjects. 

The waist circumference was measured at the position between the last rib bone 

and the navel as shown in Figure 3.3.  
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Figure 3.3: Measurement of waist circumference (Lemoncito, et al., 2010).  

 

 

3.9.2 Fasting Blood Glucose Measurement  

Capillary blood was obtained through finger pricking. The first blood was wiped 

off and the subsequent blood were used for the measurement. About 0.6 µL of 

capillary blood was loaded to glucose test strips to measure for fasting blood 

glucose was measured using Bayer Contour Plus Blood Glucose. Measurement 

was done within one minute.   

 

3.10 Sample Collection 

Whole blood sample was collected through venepuncture. A total of 6 mL of 

venous blood were collected through venepuncture performed by my supervisor, 

Dr. Teh Lai Kuan. The samples collected were stored in 

ethylenediaminetetraacetic acid (EDTA) vacutainer to prevent the blood from 

clotting.  
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3.11 DNA Extraction 

3.11.1 DNA Extraction Protocol 

DNA extraction was done by using Favorgen DNA Extraction kit. Venous 

blood sample was allowed to stand for the separation of buffy coat layer that 

contain the lymphocytes from the whole blood. A volume of 200 μL of the buffy 

coat was isolated and transferred to a new 1.5 mL microcentrifuge tube. The 

samples were added with 20 μL of Proteinase K and 200 μL of FABG buffer 

and mixed with vortex. The samples were then incubated at 60 °C for 15 minutes 

using water bath incubator. The samples were vortexed at every 5 minutes 

interval to speed up the lysis of cell membrane for the release of cell contents. 

The tubes were then spun down, followed by the addition of 200 μL of absolute 

ethanol (96%) and pulse-vortexed for 10 seconds to homogenise the solution. 

The solution was spun down and transferred to FABG mini column in collection 

tube and was centrifuged at 6,000 x g for 1 minute, followed by the addition of 

400 μL W1 buffer prior the centrifugation at 17,000 x g for 30 seconds. The 

filtrate was discarded. A volume of 750 μL wash buffer was added to the column 

and was centrifuged at 17,000 x g for 30 seconds. The filtrate was discarded and 

the FABG mini column was centrifuged at 17,000 x g for 3 minutes to remove 

the remaining fluid. The FABG mini column was transferred to a new 

microcentrifuge tube and added with 100 μL elution buffer. The FABG mini 

column was incubated at room temperature for 10 minutes and centrifuged at 

17,000 x g for 1 minute. A volume of 100 μL elution buffer was added to the 

mini column and incubated for another 10 minutes prior to the centrifugation at 

17,000 x g for 1 minute to elute all extracted DNA. The extracted DNA was 

stored at 4 °C and the FABG mini column was discarded (Favorgen, n.d.).  
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3.11.2 Concentration and Purity Analysis of Extracted DNA 

The concentration and the purity of the extracted DNA was measured using 

nanodrop and gel electrophoresis. The nanodrop machine was first blank with 

1 μL of elution buffer. Then, 1 μL of extracted DNA was placed on the nanodrop 

machine for the measurement. The accepted purity of the extracted DNA is 

determined using A260/A280 ratio within the range of 1.8 to 2.1 (Lucena-Aguilar, 

et al., 2016). In addition, the extracted DNA that have concentration greater than 

25 ng/μL is accepted in this study.  

 

The genomic gel electrophoresis was used to check the purity of the extracted 

DNA. The extracted DNA was diluted to a concentration of 25 ng/μL using 

autoclaved distilled water. The diluted working DNA was mixed with the 

loading dye prior loading into the agarose gel. The agarose gel was mixed with 

the 10X diluted GelRed before solidifying. The gel was ran using 90 V power 

supply for 30 minutes. The gel was viewed using gel image viewer. Samples 

with thick band of genomic DNA without smearing indicating no degradation 

or fragmentation would be used for preparation of working DNA (Abdel-Latif 

and Osman, 2017). 

 

3.11.3 Preparation of working DNA  

The extracted genomic DNA would be kept as stock DNA and also used to 

prepare working DNA at 25 ng/μL by diluting the samples with autoclaved 

distilled water (ddH2O) (Nakayama, et al., 2016). All the working DNA were 

prepared at a final volume of 30 μL using the formula below.  
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M1V1 = M2V2 

M1 = Concentration of extracted DNA 

V1 = Volume of extracted DNA 

M2 = Final concentration of working DNA (25 ng/μL) 

V2 = Volume of working DNA (10 μL) 

 

3.12 Optimization for genotyping of rs735396 and rs2975760 

PCR optimization was done to check for the ideal annealing temperature. To 

determine the best annealing temperature for the efficacy of PCR, gradient PCR 

reaction was carried out that cover a range of melting temperature (Obradovic, 

et al., 2013). For rs735396, the annealing temperature used were 59.0 °C, 

61.4 °C, 63.2 °C, 65.5 °C, 68.1 °C, 70.5 °C, 72.3 °C and 74.6 °C. For rs2975760, 

the annealing temperature used were 59.0 °C, 61.9 °C, 64.0 °C, 66.0 °C, 68.0 °C, 

70.0 °C, 72.1 °C and 74.6 °C. From the product of the PCR, the samples that 

showed the optimum amplification was chosen as the annealing temperature for 

the cycling condition. The optimization was performed using the Genepro 

thermal cycler which is with gradient function from Bioer Technology.  

 

3.13 Genotyping for rs735396 and rs2975760 

Both rs735396 and rs2975760 SNPs were detected using Tetra-Primer 

Amplification Refractory Mutation System (Tetra-Primer ARMS) PCR system, 

which is a simple and economical method in detecting SNPs (Medrano and 

Oliveira, 2014). Before PCR preparation, primer mix for rs735396 and 

rs2975760 were prepared as mentioned in Table 3.4a and Table 3.4b.  
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Table 3.4a: Primer mix preparation for rs735396 

Primers 
Initial 

Concentration (μM) 

Final Concentration 

(μM) 

Volume 

(μL) 

Fo 100 4 2 

Ro 100 4 2 

FI 100 4 2 

RI 100 4 2 

ddH2O - - 42 

Total   50 

 

Table 3.4b: Primer mix preparation for rs2975760 

Primers 
Initial 

Concentration (μM) 

Final Concentration 

(μM) 

Volume 

(μL) 

Fo 100 4 2 

Ro 100 4 2 

FI 100 4 2 

RI 100 4 2 

ddH2O - - 42 

Total   50 

 

Genotyping of rs735396 and rs2975760 were prepared in final volume of 10 μL 

consisting of PCR buffer, dNTPs, respective primers, and genomic DNA. PCR 

reaction for rs735396 and rs2975760 detection was prepared as in Table 3.5a 

and Table 3.5b respectively.  

 

PCR was conducted using Biometra thermal cycler with the cycling condition 

consisting of pre-denaturation, denaturation, annealing, extension, and final 

extension as in Table 3.6a and Table 3.6b. 

 

Table 3.5a: rs735396 PCR mix preparation  

Reagents 
Initial 

Concentration 

Final 

Concentration 
Volume (μL) 

Master Mix 2X 1X 5 

Primer Mix - - 1 

Extracted DNA 25 ng/μL 50 ng/μL 2 

PCR Water - - 2 

Total   10 
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Table 3.5b: rs2975760 PCR mix preparation  

Reagents 
Initial 

Concentration 

Final 

Concentration 
Volume (μL) 

Master Mix 2X 1X 5 

Primer Mix - - 1 

Extracted DNA 25 ng/μL 50 ng/μL 2 

PCR Water - - 2 

Total   10 

 

Table 3.6a: PCR cycling condition for rs735396 

Events Temperature (°C) Time Cycle 

Pre-denaturation 95.0 3 minutes 1 

Denaturation 95.0 30 seconds 30 

Annealing 62.0 30 seconds 30 

Extension 72.0 30 seconds 30 

Final extension 72.0 3 minutes 1 

 

Table 3.6b: PCR cycling condition for rs2975760 

Events Temperature (°C) Time Cycle 

Pre-denaturation 95.0 3 minutes 1 

Denaturation 95.0 30 seconds 30 

Annealing 64.0 30 seconds 30 

Extension 72.0 30 seconds 30 

Final extension 72.0 3 minutes 1 

 

3.14 Genotyping Interpretation on PCR Products 

Gel electrophoresis was run for PCR products for genotyping using 2.0% 

agarose gel. A small 2.0% agarose gel was prepared at the volume of 20 mL of 

1X TAE buffer, while a large 2.0% agarose gel was prepared at 30 mL of 1X 

TAE buffer. The amount of agarose powder added was calculated using the 

formula as below.  

2.0% =
Amount of agarose powder (g)

Volume of TAE buffer
 x 100% 

The PCR product and 1 μL 50 bp ladder was loaded into the agarose gel at 

different well. The 50 bp ladder was loaded in the first well followed by the 

PCR products. A volume of 5 μL PCR product was mixed with 1 μL loading 
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dye prior loading into the agarose gel. The agarose gel was mixed with the 10X 

diluted GelRed before solidifying. The GelRed enable the PCR product to be 

visible under ultraviolet (UV) light. GelRed is a relatively safe material to stain 

nucleic acid as compared to ethidium bromide (Vivantis, n.d.). The gel was ran 

using 90 V power supply for 40 minutes. After the gel electrophoresis, the gel 

was viewed using the Biorad gel image viewer. Genotype was interpreted based 

on the amplicon size as shown in Table 3.7. All the samples would show an 

internal control band to ensure the proper PCR amplicon. Internal control for 

rs735396 was at 400 bp while the internal control for rs2975760 was at 419 bp. 

Bands should not be detected in the lane loaded with non-template control to 

indicate that there is no contamination present, which might give rise to false 

positive results.  

 

For rs735396, amplicon size at 263 bp was detected for T allele, which is the 

wild type allele of the rs735396. Meanwhile, amplicon size at 193 bp was used 

to detect C allele, the minor allele of rs735396. For rs2975760, amplicon size at 

274 bp was detected for T allele, which is the wild type allele for rs2975760. 

Meanwhile, amplicon size at 200 bp was detected for C allele, the minor allele 

for rs2975760.  

 

Table 3.7: Amplicon size for rs735396 and rs2975760 

 

rs735396 rs2975760 

Genotype 
Amplicon size 

(bp) 
Genotype 

Amplicon 

size (bp) 

Wild type TT 263 TT 274 

Heterozygous TC 193 and 263 TC 200 and 274 

Mutant CC 193 CC 200 
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3.15 Statistical Analysis  

Data collected from the TCM BC questionnaire, demographic data, waist 

circumference, fasting blood glucose level, BMI and genotypes were analysed 

using IBM SPSS Statistics 26 software. Both Shapiro-Wilk and Kolmogorov-

Smirnov test were performed on waist circumference and fasting blood glucose 

level to determine the normality. As the waist circumference and fasting blood 

glucose level were not normally distributed, therefore the non-parametric test, 

Kruskal-Wallis test was used to determine the relationship between categorical 

data (Traditional Chinese Medicine Body Constitution, demographic 

distribution, BMI, COVID-19 History, genotypes) and continuous data (waist 

circumference and fasting blood glucose level). Besides, Fisher’s exact test was 

used to associate two categorical data as the sample size is small.   
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CHAPTER 4 

RESULTS 

 

4.1 Study Subject and Prevalence of Abdominal Obesity and Diabetes  

A total of 102 study subjects were successfully recruited in this study based on 

the inclusion and exclusion criteria. This fulfilled the calculated sample size of 

81 including 20% drop-off rate and fit into 90% confidence interval. Fasting 

blood glucose levels were measured using Bayer Contour Plus Glucose Meter 

and a level more than 6.9 mmol/L was diagnosed as diabetes. In this study, 2 

out of the 102 subjects were diagnosed as diabetic with a prevalence rate of 

1.96%. The demographic distribution of each study subject was included in 

Appendix B. The fasting blood glucose level of each study subject was included 

in Appendix C. 

 

According to the International Diabetes Federation (2006), a waist 

circumference of more than 90 cm and more than 80 cm were considered 

abdominal obesity for men and women, respectively. Abdominal obesity 

increases the risk of developing diabetes. In this study, there was a total of 16 

out of 51 females (31.4%) and 19 out of 51 males (37.3%) were considered to 

have abdominal obesity in this study. The waist circumference of each study 

subject was included in Appendix C. 

 

4.2 Genomic DNA Analysis  

All the 102 whole blood sample were centrifuged to isolate buffy coat layer for 

DNA extraction using Favorgen DNA Extraction Kit. Concentration and purity 
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of the extracted DNA were checked using Nanodrop and genomic gel 

electrophoresis as in Figure 4.1. The concentration and purity (A260/A280 ratio) 

of all the samples were tabulated in Appendix D. The mean of the extracted 

genomic DNA concentration was 53.46 ng and A260/A280 purity was 1.80. 

 

 
Figure 4.1: Representative genomic gel electrophoresis for genomic DNA at 

90 volts for 30 minutes using 2.0% of agarose gel 

 

Lane 1: sample 077; Lane 2: sample 081; Lane 3: sample 082; Lane 4: sample 

083; Lane 5: sample 084; Lane 6: sample 085 

 

4.3 Genotype of HNF1A and CAPN10: rs735396 and rs2975760 

Genotyping of rs735396 and rs2975760 was conducted using Tetra-primer 

ARMS-PCR and was analyzed using agarose gel electrophoresis at the voltage 

of 90 volts for 35 minutes with 2.0% agarose gel. Electrophoresis was run in 

parallel with 50 bp ladder from GeneDireX to identify the approximate 

molecular size. Figure 4.2a shows representative gel image for genotyping of 

rs735396. Lane 4 showed three amplicons with amplicon size at 400 bp for 

detection of internal control that amplify target HNF1A gene, 193 bp, and 263 
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bp for amplification of wild type T allele and mutant C allele, respectively. 

Presence of internal control band (400 bp) and wildtype, T allele band (193 bp) 

as in lanes 2 and 3, presenting as wild type. The presence of the internal control 

band (400 bp) with the mutant allele band (263 bp) indicates a homozygous 

mutant. Whereas the presence of the internal control band (400 bp) with both 

wildtype allele band (193 bp) and mutant allele band (263 bp) indicates 

heterozygous.  

 

 
Figure 4.2a: Representative gel electrophoresis for genotyping of rs735396 

 

Lane 1: 50 bp ladder; Lane 2: sample 050; Lane 3: sample 090; Lane 4: sample 

095; Lane 5: Non-template control (NTC)  

 

Figure 4.2b shows a representative gel image for genotyping of rs2975760. The 

amplicon size of 419 bp was amplified internal control for the 

target CAPN10 gene. Detection of wild type, T allele and mutant, C allele was 

amplified at 200 bp and 274 bp, respectively. Lanes 2, 4,5, and 7 presented an 

internal control band (419 bp) and wild type allele band (200 bp), indicating 

wild type. The presence of internal control band (419 bp) with mutant allele 

band (274 bp), indicates a homozygous mutant. Whereas the presence of 



39 
 

internal control band (419 bp) with wildtype allele band (200 bp) and mutant 

allele band (274 bp) as in lanes 3 and 6 indicates heterozygous for rs2975760. 

Negative control was run in parallel in genotyping by replacing DNA samples 

with water. Lane 8 showed the absence of a band in non-template control 

depicting that the PCR was carried out without any contamination. The 

genotype for all the samples was included in Appendix E and agarose gel 

electrophoresis in Appendix F. 

 

 
Figure 4.2b: Representative gel electrophoresis for genotyping of rs2975760 

 

Lane 1: 50 bp ladder; Lane 2: sample 007; Lane 3: sample 008; Lane 4: sample 

009; Lane 5: sample 010; Lane 6: sample 011; Lane 7: sample 012; Lane 8: 

Non-template control (NTC) 

 

4.4 Genotypic and Allelic Frequency for rs735396 and rs2975760 

Genotypic and allelic frequencies for rs735396 and rs2975760 were presented 

in Table 4.1. For rs735396, 22.55% (n = 23) study subjects were genotyped as 

homozygous wildtype (TT) and 21.57% (n = 22) study subjects were 

homozygous mutant (CC). The heterozygous genotype (TC) is composed of the 

highest percentage rate of 55.88% (n = 57). The allelic frequency for the major 
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allele (T allele) was 0.5 and the minor allele (C allele) was 0.5. For rs2975760, 

homozygous wildtype (TT) composed the highest percentage rate of 87.25% (n 

= 89). On the other hand, 2.94% (n = 3) study subjects were genotyped as 

homozygous mutant (CC) and 9.80% (n = 10) study subjects were heterozygous 

genotype (TC). The allelic frequency of the major allele (T allele) was 0.92 and 

the minor allele (C allele) was 0.08. Both polymorphisms were found as 

significant variants as the minor allele frequency (MAF) was found more than 

0.05. 

 

Table 4.1: Genotypic and allelic frequency for rs735396 and rs2975760. 

 Genotypic frequency, n (%) 
Allelic frequency 

Major Minor 

rs735396 TT TC CC T C 

(T>C) 23 57 22 
0.50 0.50 

n = 102 (22.55%) (55.88%) (21.57%) 

rs2975760 TT TC CC T C 

(T>C) 89 10 3 
0.92 0.08 

n = 102 (87.25%) (9.80%) (2.94%) 

 

4.5 Relationship between Waist Circumference and Fasting Blood 

Glucose Level 

Pearson correlation was conducted to determine the relationship between waist 

circumference and fasting glucose level (p < 0.10, 90% CI). The correlation 

coefficient (R2) value for waist circumference and fasting blood glucose level 

was 0.325, denoting a weak positive correlation between waist circumference 

and fasting blood glucose level as shown in Figure 4.3.  
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Figure 4.3: Relationship between waist circumference and fasting blood 

glucose level 

 

4.6 Normality Test for Waist Circumference and Fasting Blood 

Glucose Level  

Normality tests of waist circumference and fasting blood glucose level were 

conducted using Kolmogorov-Smirnov and Shapiro-Wilk tests. Both waist 

circumference and fasting blood glucose level were not normally distributed 

with p-value less than 0.10 (Table 4.2). Thus, the analyses were proceeded with 

non-parametric test, Kruskal-Wallis test.  

 

Table 4.2: Kolmogorov-Smirnov and Shapiro-Wilk normality tests on waist 

circumference and fasting blood glucose level. 

 
Kolmogorov-Smirnov Shapiro-Wilk 

df p-value df p-value 

Waist 

circumference (cm) 
102 0.031 102 0.001 

Fasting blood 

glucose level 

(mmol/L) 

102 0.001 102 0.000 

df = degree of freedom 

 

 

R2 = 0.325 
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4.7 Demographic Distribution in relation to Waist Circumference and 

Fasting Blood Glucose Level 

Table 4.3 shows the demographic data including gender, age, ethnicity, and 

place among 102 study subjects. There were equal numbers in both genders, 51 

males (50.00%) and 51 females (50.00%) participated in this study. The 

Kruskal-Wallis H test showed that there was a significant difference in waist 

circumference between different gender at p = 0.000, with a mean rank waist 

circumference of 65.68 for males and 37.32 for females. Figure 4.4 shows the 

distribution of waist circumference among study subjects with different gender. 

Females have lower waist circumferences at a mean of 74.29 cm compared to 

males with a mean waist circumference of 86.49 cm. There was also a 

significant difference in fasting blood glucose between different gender at p = 

0.003, with a mean rank fasting blood glucose of 60.27 for males and 42.73 for 

females. Females were found to have lower fasting blood glucose levels 

compared to males. Figure 4.5 shows the distribution of fasting blood glucose 

level among study subjects with different gender. 
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1: Male; 2: Female 

Figure 4.4: Waist circumference against gender among 102 study subjects 

 

 
1: Male; 2: Female 

Figure 4.5: Fasting blood glucose level against gender among 102 study 

subjects 
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The age of the study subjects ranged between 19 to 86 and was categorized into 

5 groups, 29 and below, 30 – 39, 40 – 49, 50 – 59, and 60 and above. There 

were 49 subjects under the age group below 29 (48.04%), followed by 18 

subjects from the age group of 30-39 (17.65%), 10 subjects from the age group 

of 40-49 (9.80%), 17 subjects from the age group 50-59 (16.67%) and 8 subjects 

from the age group above 60 (7.84%). The Kruskal-Wallis H test showed a 

significant difference in waist circumference between different age groups at p 

= 0.000, with a mean rank waist circumference of 36.51 for age group 29 and 

below, 64.39 for age group 30 – 39, 62.80 for age group 40 – 49, 63.82 for age 

group 50 – 59 and 74.00 for age group 60 and above. Subjects from the age 

group 29 and below has the lowest waist circumference at a mean rank of 36.51 

while the subjects from the age group 60 and above have the highest waist 

circumference at a mean rank of 74.00. Figure 4.6 shows the distribution of 

waist circumference among study subjects with different age groups. The 

Kruskal-Wallis H test showed that there was a significant difference in fasting 

blood glucose between different age group at p = 0.000, with a mean rank 

fasting blood glucose of 35.40 for age group 29 and below, 56.28 for age group 

30 – 39, 67.10 for age group 40 – 49, 70.09 for age group 50 – 59 and 80.38 for 

age group 60 and above. Subjects from the age group 29 and below were found 

to have the lowest fasting blood glucose while the subjects from the age group 

60 and above were found to have the highest fasting blood glucose. Figure 4.7 

shows the distribution of fasting blood glucose level among study subjects with 

different age groups.  
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1: 29 and below; 2: 30 – 39; 3: 40 – 49; 4: 50 – 59; 5: 60 and above 

Figure 4.6: Waist circumference against age among 102 study subjects 

 

 
1: 29 and below; 2: 30 – 39; 3: 40 – 49; 4: 50 – 59; 5: 60 and above 

Figure 4.7: Fasting blood glucose level against age among 102 study subjects 
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Out of 102 subjects, 95.10% (n = 97) of the study subjects were Chinese, and 

4.90% (n = 5) were from other ethnicities. Other ethnicities include Malay, 

Indian, and Chinese-Filipino. Kruskal-Wallis test presented no significant 

difference in waist circumference but with significance in fasting blood glucose 

level as the p-value at 0.852 and 0.070, respectively among different ethnicities. 

The mean rank waist circumference was 52.70 for Chinese and 28.20 for other 

ethnicities. Subjects who were Chinese were found to have higher fasting blood 

glucose than other ethnicities. Figure 4.8 shows the distribution of fasting blood 

glucose level among study subjects with different ethnicities. 

 
1: Chinese; 2: Other ethnicities 

Figure 4.8: Fasting blood glucose level against ethnicity among 102 study 

subjects 

 

The respondents are from 11 different states in Malaysia. There were 66 subjects 

from Perak (64.71%), 5.88% (n = 6) from Penang, 5.88% (n = 6) from Johor, 

4.90% (n = 5) from Kuala Lumpur, 5.88% (n = 6) from Selangor and 12.75% 

(n = 13) from other places of origin. Other places of origin include Melaka, 
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Terengganu, Pahang, Sabah, Negeri Sembilan, and Labuan. The Kruskal-Wallis 

H test showed that there was a significant difference in waist circumference 

between places of origin at p = 0.010, with a mean rank waist circumference of 

59.42 for subjects from Perak, 25.92 for subjects from Penang, 38.33 for 

subjects from Johor, 34.40 for subjects from Kuala Lumpur, 47.83 for subjects 

from Selangor and 37.46 for subjects from other places of origin. Subjects from 

Perak have the highest waist circumference at a mean rank of 59.42 while 

subjects from Penang were found to have the lowest waist circumference at a 

mean rank of 25.92. Figure 4.9 shows the distribution of waist circumference 

among study subjects with different place of origin. 

 
1: Perak; 2: Penang; 3: Johor; 4: Kuala Lumpur; 5: Selangor; 6: Others 

Figure 4.9: Waist circumference against place of origin among 102 study 

subjects 

 

The Kruskal-Wallis H test showed that there was a significant difference in 

fasting blood glucose level between places of origin at p = 0.001, with a mean 

rank fasting blood glucose level of 60.34 for subjects from Perak, 32.58 for 
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subjects from Penang, 53.00 for subjects from Johor, 34.60 for subjects from 

Kuala Lumpur, 26.67 for subjects from Selangor and 32.62 for subjects from 

other places of origin. Subjects from Perak were found to have the highest 

fasting blood glucose level at a mean rank of 60.34 while subjects from Selangor 

were found to have the lowest fasting blood glucose level at a mean rank of 

26.67. Figure 4.10 shows the distribution of fasting blood glucose level among 

study subjects with different place of origin. 

 

 
1: Perak; 2: Penang; 3: Johor; 4: Kuala Lumpur; 5: Selangor; 6: Others 

Figure 4.10: Fasting blood glucose level against place of origin among 102 

study subjects 
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Table 4.3: Demographic distribution with waist circumference and fasting blood glucose level among 102 study subjects 

 N 
Waist circumference (cm) 

(mean ± SD) 
Mean rank p-valuea 

Fasting blood glucose 

level (mmol/L) 

(mean ± SD) 

Mean rank p-valuea 

Gender    

0.000* 

  

0.003* Male 51 86.49 ± 12.54 65.68 5.51 ± 0.72 60.27 

Female 51 74.29 ± 9.75 37.32 5.12 ± 0.61 42.73 

        

Age    

0.000* 

  

0.000* 

≤ 29  49 74.06 ± 9.72 36.51 5.01 ± 0.49 35.40 

30 – 39  18 86.22 ± 13.40 64.39 5.30 ± 0.70 56.28 

40 – 49  10 84.90 ± 11.84 62.80 5.74 ± 0.90 67.10 

50 – 59  17 85.65 ± 12.80 63.82 5.58 ± 0.34 70.09 

≥ 60  8 89.25 ± 9.59 74.00 6.14 ± 0.79 80.38 

        

Ethnicity    

0.852 

  

0.070* Chinese 97 80.51 ± 12.96 51.62 5.35 ± 0.68 52.70 

Others** 5 78.10 ± 8.35 49.10 4.68 ± 0.70 28.20 

        

Place of Origin    

0.010* 

  

0.001* 

Perak 66 83.73 ± 13.08 59.42 5.50 ± 0.67 60.34 

Penang 6 72.17 ± 15.25 25.92 4.88 ± 0.43 32.58 

Johor 6 74.17 ± 5.58 38.33 5.38 ± 0.56 53.00 

Kuala Lumpur 5 72.60 ± 9.56 34.40 5.06 ± 0.78 34.60 

Selangor 6 78.00 ± 7.92 47.83 4.87 ± 0.26 26.67 

Others *** 13 74.19 ± 7.57 37.46 4.85 ± 0.60 32.62 

*Significant data with p-value lesser than 0.1. 

** Other ethnicities include Malay, Indian and Chinese-Filipino 

*** Other places of origin includes Sabah, Melaka, Terengganu, Negeri Sembilan, Pahang and Labuan 
a Kruskal-Wallis analyses were performed to compare mean rank 
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4.8 Anthropometric Measurement and COVID-19 History in relation 

to Waist Circumference and Fasting Blood Glucose Level. 

Anthropometric measurements including height and weight and COVID-19 

history were analyzed using the Kruskal-Wallis test. The mean and standard 

deviation of waist circumference and fasting blood glucose level are tabulated 

in Table 4.4. Anthropometric measurement, height and weight were used to 

calculate the body mass index (BMI) of the subjects with the formula below: 

BMI =
Weight (kg)

[Height]2 (m2)
 

 

Based on the BMI value, the subjects were categorised into four different 

categories which are underweight, normal weight, overweight and obese. BMI 

value lesser than 18.5 was considered as underweight, 18.5-22.9 as normal, 23-

24.9 as overweight and any BMI above 25 as obese. Based on Table 4.4, there 

were a total of 14 subjects (13.73%) were categorised as underweight, 46 

subjects (45.10%) as normal, 8 subjects (7.84%) as overweight and 34 subjects 

(33.33%) as obese. There was significant difference in waist circumference 

between different BMI categories at p = 0.000 with a mean rank waist 

circumference of 12.29 for underweight, 39.80 for normal, 60.94 for overweight, 

79.43 for obese. Subjects who were underweight were found to have lowest 

waist circumference at mean rank 12.29 while subjects who were obese were 

found to have highest waist circumference at mean rank 79.43. Figure 4.11 

shows the distribution of waist circumference among study subjects with 

different BMI categories. The Kruskal-Wallis H test showed that there was 

significant difference in fasting blood glucose between different BMI categories 

at p = 0.002 with a mean rank fasting blood glucose of 27.79 for underweight, 
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52.86 for normal, 37.25 for overweight, 61.34 for obese. Subjects who were 

underweight were found to have lowest fasting blood glucose level at mean rank 

27.79 while subjects who were obese were found to have highest fasting blood 

glucose level at mean rank 61.34. Figure 4.12 shows the distribution of fasting 

blood glucose level among study subjects with different BMI categories. 

 
1: Underweight; 2: Normal; 3: Overweight; 4: Obese 

Figure 4.11: Waist circumference against BMI categories among 102 study 

subjects 
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1: Underweight; 2: Normal; 3: Overweight; 4: Obese 

Figure 4.12: Fasting blood glucose level against BMI categories among 102 

study subjects 

 

Out of 102 subjects, 5 subjects (4.90%) had COVID-19 in the past month while 

97 subjects (95.10%) did not have COVID in the past month. The Kruskal-

Wallis H test showed that there was a significant difference in waist 

circumference between different categories of COVID-19 history at p = 0.087 

with a mean rank waist circumference of 29.40 for subjects with COVID -19 

history in the past month and 52.64 for subjects without COVID -19 history in 

the past one month. Subjects with a COVID-19 history in the past month were 

found to have lower waist circumferences than subjects without a COVID-19 

history in the past month. The Kruskal-Wallis H test showed that there was no 

significant difference in fasting blood glucose between different categories of 

COVID-19 history at p = 0.529. Figure 4.13 shows the distribution of waist 

circumference among study subjects with different COVID-19 history in the 

past month. 
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1: Had COVID-19 history in the past one month; 2: No COVID-19 history in 

the past one month 

Figure 4.13: Waist circumference against COVID-19 history in the past one 

month among 102 study subjects 
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Table 4.4: Body mass index and COVID-19 history on waist circumference and fasting blood glucose level. 

*Significant data with p-value lesser than 0.1 
a Kruskal-Wallis analyses were performed to compare mean rank 

 N 
Waist circumference (cm) 

(mean ± SD) 

Mean 

rank 
p-valuea 

Fasting blood glucose level 

(mmol/L) 

(mean ± SD) 

Mean 

rank 
p-valuea 

Body mass index 

(BMI) 

 
  

0.000* 

 
 

0.002* 

Underweight 

(<18.5) 
14 65.36 ± 3.22 12.29 4.85 ± 0.37 27.79 

Normal 

(18.5-22.9) 
46 75.03 ± 7.02 39.80 5.40 ± 0.80 52.86 

Overweight 

(23-24.9) 
8 82.69 ± 5.93 60.94 4.91 ± 0.66 37.25 

Obese 

(>25) 
34 93.29 ± 10.54 79.43 5.49 ± 0.50 61.34 

        

COVID-19 history in 

the past one month 

 
 

 
  

 
 

Yes 5 71.20 ± 5.00 29.40 
0.087* 

5.14 ± 0.48 43.40 
0.529 

No 97 80.87 ± 12.88 52.64 5.32 ± 0.70 51.92 
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4.9 TCM Body Constitution in relation to Waist Circumference and 

Fasting Blood Glucose Level. 

The response rate for the body constitution questionnaire is 97.06%. Out of 102 

study subjects, 99 study subjects were included in the study as three study 

subjects failed to fill up the questionnaire. Hence, the study on TCM body 

constitution in relation to waist circumference and fasting blood glucose level 

had involved 99 study subjects. 

 

The waist circumference and fasting blood glucose level were compared on 

different TCM BC using Kruskal-Wallis. The TCM BC of each subject was 

included in Appendix G. Table 4.5 shows the waist circumference and fasting 

blood glucose level between gentleness, other single body constitutions (yang-

deficiency, yin-deficiency, qi-deficiency, qi-stagnation, phlegm-dampness, 

damp heat, blood stasis, and special diathesis), the combination of 2 body 

constitutions, a combination of 3 body constitutions and combination of more 

than 3 body constitutions. There were 27.27% (n = 27) of the subjects are 

gentleness, 20.20% (n = 20) were having other single body constitutions, 20.20% 

(n = 20) had 2 body constitutions, 11.11% (n = 11) had 3 body constitutions and 

21.21% (n = 21) have more than 3 body constitutions. There were three subjects 

excluded from the TCM body constitution as the body constitution 

questionnaire was not submitted. There was no significant difference in waist 

circumference (p = 0.460) and fasting blood glucose level (p = 0.563) between 

different TCM BC. 
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Table 4.5: TCM body constitutions in relation to waist circumference and fasting blood glucose level 

 N 
Waist circumference (cm) 

(mean ± SD) 
p-valuea 

Fasting blood glucose level 

(mmol/L) 

(mean ± SD) 

p-valuea 

Body constitutions   

0.460 

 

0.563 

Gentleness 27 83.61 ± 13.28 5.30 ± 0.70 

Other single body 

constitution* 
20 81.00 ± 14.39 5.45 ± 0.67 

2 Body Constitutions 20 79.71 ± 13.24 5.35 ± 0.45 

3 Body Constitutions 11 78.88 ± 10.60 5.44 ± 1.16 

>3 Body 

Constitutions 
21 76.10 ± 9.45 5.10 ± 0.46 

*Other single body constitution includes Yang-deficiency, Yin-deficiency, Qi-deficiency, Qi-stagnation, Blood stasis, Phlegm dampness, Damp 

heat and Special diathesis 
a Kruskal-Wallis analyses were performed to compare mean rank 
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4.10 rs735396 and rs2975760 in relation to Waist Circumference and 

Fasting Blood Glucose Level. 

Based on the genotyping results for both rs736396 and rs2975760, all 102 

subjects were categorized into 3 groups which were wildtype, heterozygous and 

homozygous mutant as in Table 4.6. The Kruskal-Wallis H test showed that 

there was no significant difference in waist circumference between different 

genotypes in rs735396 at p > 0.1. However, the Kruskal-Wallis H test showed 

that there was a significant difference in fasting blood glucose between different 

genotypes in rs735396 at p = 0.049 with a mean rank fasting blood glucose of 

59.91 for wildtype (TT), 52.98 for heterozygous (TC) and 38.86 for 

homozygous mutant (CC). Subjects who were with the wild type genotype were 

found to have the lowest fasting blood glucose level at a mean rank of 59.91 

while subjects who were with homozygous mutant were found to have the 

highest fasting blood glucose level at a mean rank of 38.86. Figure 4.14 shows 

the distribution of fasting blood glucose level among study subjects with 

different genotypes of rs735396. 
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1: Wildtype (TT); 2: Heterozygous (TC); 3: Homozygous mutant (CC) 

Figure 4.14: Fasting blood glucose level against genotypes for HNF1A 

(rs735396) among 102 study subjects 

 

There was no significant difference in fasting blood glucose level between 

different genotypes in rs2975760 at p = 0.422. However, the Kruskal-Wallis H 

test showed that there was a significant difference in fasting blood glucose 

between different genotypes in rs2975760 at p = 0.053 with a mean rank fasting 

blood glucose of 52.40 for wildtype (TT) and 45.35 for heterozygous (TC) and 

homozygous mutant (CC). Subjects who were with wildtype genotype were 

found to have higher fasting blood glucose levels while subjects who were with 

heterozygous and homozygous mutant were found to have lower fasting blood 

glucose levels. Figure 4.15 shows the distribution of fasting blood glucose level 

among study subjects with different genotypes of rs2975760. 
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1: Wildtype (TT); 2: Heterozygous (TC) and Homozygous mutant (CC) 

Figure 4.15: Fasting blood glucose level against genotypes for CAPN10 

(rs2975760) among 102 study subjects 
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Table 4.6: rs735396 and rs2975760 in relation to waist circumference and fasting blood glucose level 

 

N 
Waist circumference (cm) 

(mean ± SD) 
Mean rank p-valuea 

Fasting blood glucose level 

(mmol/L) 

(mean ± SD) 

Mean rank p-valuea 

rs735396        

Wildtype 

(TT) 
23 82.43 ± 15.24 53.91 

0.905 

5.49 ± 0.72 59.91 

0.049* 
Heterozygous 

(TC) 
57 79.75 ± 12.11 50.70 5.34 ± 0.70 52.98 

Homozygous 

mutant (CC) 
22 79.93 ± 11.34 51.05 5.07 ± 0.55 38.86 

        

rs2975760        

Wildtype 

(TT) 
89 80.91 ± 13.34 52.40 

0.422 

5.26 ± 0.66 49.34 

0.053* 
Heterozygous 

(TC) and 

Homozygous 

mutant (CC) 

13 76.85 ± 6.94 45.35 5.72 ± 0.77 66.31 

* Significant data with p-value lesser than 0.1. 
a Kruskal-Wallis analyses were performed to compare mean rank 
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4.11 Association of TCM Body Constitution with rs735396 and 

rs2975760 

Fisher’s exact test was performed to evaluate the association between TCM 

body constitution and the polymorphisms of metabolic 

genes, HNF1A and CAPN10. Based on Table 4.7, there was no association 

between TCM BC with rs735396 and rs2975760 with p-values of 0.692 and 

0.430, respectively.  
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Table 4.7: Association between TCM BC and the polymorphisms of metabolic genes 

Variables 

 TCM body constitutions, n (%) 

df p-value 
Gentleness 

Other single body 

constitution 

2 body 

constitutions 

3 body 

constitutions 

>3 body 

constitutions 

Variant  

rs735396 

TT 6 (27.3) 3 (13.6) 7 (31.8) 3 (13.6) 3 (13.6) 

8 0.692 TC 13 (23.6) 14 (25.5) 9 (16.4) 6 (10.9) 13 (23.6) 

CC 8 (36.4) 3 (13.6) 3 (13.6) 3 (13.6) 5 (22.7) 

         

Variant 

rs2975760 

TT 24 (27.9) 17 (19.8) 17 (19.8) 12 (14.0) 16 (18.6) 

4 0.430 TC, 

CC 
3 (23.1) 3 (23.1) 2 (15.4) 0 (0.0) 5 (38.5) 
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4.12 Association between Demographic Distribution, Anthropometric 

Measurement, and COVID-19 History with TCM Body Constitution 

Fisher’s exact test was performed to evaluate the association between 

demographic distribution, anthropometric measurement, and COVID-19 

history with TCM body constitution. Based on Table 4.8, there was no 

association between TCM BC with age (p = 0.105), gender (p = 0.406), ethnicity 

(p = 0.406), place of origin (p = 0.920), BMI (p = 0.237), and COVID-19 history 

(p = 0.708).  
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* Other ethnicity includes Indian, Malay and Chinese-Filipino 

** Other places of origin include Melaka, Terengganu, Pahang, Sabah, Negeri Sembilan and Labuan

Table 4.8: Association between demographic distribution and COVID-19 history with TCM body constitution 

Variables 

TCM body constitutions n (%) 

df p-value 
Gentleness 

Other single 

body constitution 

2 body 

constitutions 

3 body 

constitutions 

>3 body 

constitutions 

Age 

29 and below 11 (22.4) 9 (18.4) 11 (22.4) 5 (10.2) 13 (26.5) 

16 0.105 

30 – 39 6 (37.5) 2 (12.5) 2 (12.5) 2 (12.5) 4 (25.0) 

40 – 49 2 (18.2) 4 (36.4) 2 (18.2) 2 (18.2) 1 (9.10) 

50 – 59 7 (46.7) 1 (6.7) 4 (26.7) 0 (0.0) 3 (20.0) 

60 and above 1 (12.5) 4 (50.0) 0 (0.0) 3 (37.5) 0 (0.0) 

         

Gender 
Male 16 (32.7) 9 (18.4) 8 (16.3) 8 (16.3) 8 (16.3) 

4 0.406 
Female 11 (22.0) 11 (22.0) 11 (22.0) 4 (8.0) 13 (26.0) 

         

Ethnicity 
Chinese 25 (26.6) 19 (20.2) 17 (18.1) 12 (12.8) 21 (22.3) 

4 0.601 
Others* 2 (40.0) 1 (20.0) 2 (40.0) 0 (0.0) 0 (0.0) 

         

Place of origin 

Perak 16 (25.4) 16 (25.4) 11 (17.5) 8 (12.7) 12 (19.0) 

20 0.920 

Penang 2 (33.3) 0 (0.0) 3 (50.0) 0 (0.0) 1 (16.7) 

Johor 2 (33.3) 1 (16.7) 1 (16.7) 0 (0.0) 2 (33.3) 

Kuala Lumpur 1 (20.0) 0 (0.0) 2 (40.0) 0 (0.0) 2 (40.0) 

Selangor 2 (33.3) 1 (16.7) 1 (16.7) 1 (16.7) 1 (16.7) 

Others** 4 (30.8) 2 (15.4) 1 (7.7) 3 (23.1) 3 (23.1) 

BMI 

        

Underweight 3 (21.4) 1 (7.1) 2 (14.3) 2 (14.3) 6 (42.9) 

12 0.237 
Normal 7 (15.2) 12 (26.1) 10 (21.7) 7 (15.2) 10 (21.7) 

Overweight 3 (42.9) 2 (28.6) 1 (14.3) 0 (0.0) 1 (14.3) 

Obese 14 (43.8) 5 (15.6) 6 (18.8) 3 (9.4) 4 (12.5) 

        

COVID-19 history in 

the past one month 

Yes 26 (27.7) 19 (20.2) 19 (20.2) 11 (11.7) 19 (20.2) 
4 0.708 

No 1 (20.0) 1 (20.0) 0 (0.0) 1 (20.0) 2 (40.0) 
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CHAPTER 5 

DISCUSSION 

 

5.1 Prevalence of Diabetes and Abdominal Obesity among 102 Study 

Subjects  

In this study, the mean for the fasting blood glucose level was 5.32 ± 0.69 

mmol/L. By using 6.9 mmol/L as the cut-off value to diagnose diabetes, 2 out 

of the 102 subjects were diagnosed as diabetic with a prevalence rate of 1.96%. 

This was found lower than the prevalence rate reported in the National Diabetes 

Registry Report (2019) at 18.3%. This low prevalence rate of diabetes in this 

study may be due to younger subjects with age 29 and below being involved in 

this study compared to older subjects.  

 

The mean for the waist circumference was 80.39 ± 12.78 cm. The mean waist 

circumference was 86.49 ± 12.54 cm and 74.29 ± 9.75 cm for males and females, 

respectively. According to the previous study in Malaysia, the prevalence of 

abdominal obesity was reported at 37.4% for males and 66.4% for females 

based on 90.0 cm for males and 80.0 cm for females cut-off value (Ahmad, et 

al., 2016). The prevalence rate of abdominal obesity obtained in this study was 

34.31%, and the prevalence was 37.3% and 31.4% for males and females, 

respectively. The prevalence for males was found consistent with the earlier 

study but the prevalence rate of abdominal obesity for females was lesser than 

the earlier study. The difference in the prevalence between males and females 

is probably due to the higher consciousness of females in maintaining their body 

shape and body weight as compared to males (Voges, et al., 2019). Besides, the 
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previous study was conducted in Tanjung Karang in which the majority of the 

population is Malays (Pejabat Daerah/Tanah Kuala Selangor, 2019), while most 

of the study subjects involved in this study were Chinese. Malays tend to have 

a higher waist circumference due to their high sugar content diet 

(Balasubramanian, et al., 2020). In addition, Malays consume fewer fruits and 

vegetables is one of the factors contributing to the higher prevalence of 

abdominal obesity (Tan, Dunn and Yen, 2011). 

 

5.2 Genotyping of rs735396 and rs2975760 

Tetra-primer amplification refractory mutation system-polymerase chain 

reaction (ARMS-PCR) was used for the genotyping of rs735396 and rs2975760. 

In this PCR reaction, two allele-specific amplicons were generated using the 

outer and inner primers, in which one amplicon was for wild type allele and the 

other pair was for the mutant allele (Medrano and De Oliveira, 2014). For 

rs735396, primers were designed to target T and C nucleotides. The inner 

reverse primer (RI) which carries a mutated 3’ end (C nucleotide) would not be 

able to bind to and amplify the wildtype allele which carried either A or T 

nucleotide. It anneals to the mutant allele, C or G nucleotide, and produces an 

amplicon with the size of 193 bp. The inner forward primer (FI) identifies T 

nucleotide, wild type allele, and amplifies an amplicon with size 263 bp. In 

genotyping of rs2975760, the inner reverse primer (RI) which carry a mutant 3’ 

end (C nucleotide) would not be able to bind to and amplify the wildtype allele 

which carried A and T nucleotide. However, it binds to the mutated allele which 

carries C and G nucleotides, producing an amplicon with a size of 200 bp. The 

inner forward primer (FI) which carries a T nucleotide binds to the wildtype 
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allele and amplifies an amplicon with size 274 bp, and vice versa. Genotyping 

for polymorphisms was performed in a single tube.  

According to the National Institutes of Health (NIH), the minor allele frequency 

(MAF) for the C allele was 0.5113 in the Asian population for rs735396. In this 

study, the MAF obtained for the C allele was 0.50 for rs735396 which was 

consistent with MAF by NIH for the Asian population. The MAF for the C allele 

reported in this study was also consistent with the study reported in the Korean 

population at 0.56 (Vinayagamoorthy, et al., 2014). Thus, our findings showed 

MAF for rs735396 is consistent with earlier reported MAF in the Asian 

population and hence is significant polymorphism with MAF > 0.5. 

 

For rs2975760, the MAF for C allele was at 0.1510 in the Asian population as 

reported by NIH. In this study, the MAF obtained for the C allele was 0.08 for 

rs2975760 which was lower than the MAF reported by NIH in the Asian 

population and the MAF reported in a previous study among Asian Indians at 

0.20 among healthy individuals, 0.21 among subjects with type 2 diabetes 

mellitus and 0.23 among subjects with gestational diabetes mellitus （Khan, et 

al., 2014） . The difference between MAF in this study and the statistics 

reported by NIH is probably due to the narrow variation in study subjects. The 

study subjects in this study were mainly young Chinese and the study subjects 

cannot implicate the Asian population comprehensively. Moreover, the 

ethnicity difference in this study and previous studies may lead to a huge 

difference in MAF. The previous study was performed among the Indian 

population while this study focused on the Chinese population. The MAF found 

in this study was found close to the MAF value reported in the Asian population. 
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However, a larger sample size can be included to validate this finding. In overall, 

MAF for both rs735396 and rs2975760 may be varied among different 

populations from different continents. 

 

5.3 Relationship between Waist Circumference and Fasting Blood 

Glucose Level 

In this study, Pearson correlation presented a weak positive linear relationship 

with an R2 value of 0.325 between waist circumference and fasting blood 

glucose level, indicating waist circumference changes in proportionate to 

fasting blood glucose. Waist circumference is one of the indicators of obesity 

and central obesity is thought to be closely related to diabetes mellitus (Santoso, 

et al., 2022). Central obesity is due to high visceral fat and visceral fat secretes 

adipokines that will induce impaired glucose tolerance (ElKafrawi, Shoaib, and 

Elghanam, 2017). A higher content of visceral fat in an individual will lead to 

higher waist circumference which is associated with impaired glucose tolerance 

and eventually lead to diabetes. Our study presented waist circumference had a 

relationship with fasting blood glucose as revealed by a study that waist 

circumference is a stronger indicator of diabetes mellitus compared with BMI 

(Wang, et al., 2005).  A study in Iran showed that waist circumference is a strong 

indicator in determining central obesity where it is one of the risk factors for 

type 2 diabetes mellitus (Veghari, et al., 2014). However, a study conducted in 

Mexico shows that waist circumference is not associated with impaired fasting 

blood glucose in children and teenagers (Jáuregui-Ulloa, et al., 2021). 
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5.4 Demographic Distribution in relation to Waist Circumference and 

Fasting Blood Glucose Level  

5.4.1 Gender 

In this study, gender was found significantly different in both fasting blood 

glucose and waist circumference. Male has relatively higher waist 

circumference and fasting blood glucose level as consistent with the earlier 

reported findings. A study conducted in Hong Kong showed that female has a 

lower waist circumference as compared to male with a mean waist 

circumference of 74.9 cm and 80.8 cm respectively (Ko, 1997). Higher waist 

circumference in male can be attributed to male having more central distribution 

of fat while female has a more peripheral distribution of fat as influenced by 

different sex hormones (Chang, Varghese, and Singer, 2018).  

 

Female tends to present with normal fasting blood glucose level. This could 

explain why female always has normal glucose metabolism as female are more 

insulin-sensitive as compared to male (Kautzky‐Willer, et al., 2015). In addition, 

the endogenous estrogen in females also plays another important role in glucose 

homeostasis and thus protects female from high fasting blood glucose. 

Oestrogen preserves the pancreatic cells' ability to function by preventing 

apoptosis, modifying their role in insulin resistance, and keeping their insulin 

content high. By preventing lipogenesis, estrogen receptor activation reduces 

the damage to the cells due to excess lipids (Alemany, 2021).  Studies showed 

that early menopause and premature ovarian insufficiency will lead to a higher 

risk of type 2 diabetes (Tramunt, et al., 2020). This is also in agreement with 

the study conducted among the Indian population, which revealed that the 
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fasting blood glucose of males is higher than female which were at the mean of 

4.16 mmol/L and 3.93 mmol/L respectively (Anish, et al., 2013). 

 

5.4.2 Age 

In this study, our findings reported significant difference between age with waist 

circumference and fasting blood glucose Our study reported that waist 

circumference will increase by age in both male and female. This was found 

consistent with earlier finding. According to previous study, the waist 

circumference for the subjects below 30 years old is between 82.89 cm and 

91.53 cm while the waist circumference for the subjects in the age group of 50 

and above is between 95.95 cm and 102.71 cm in the Venezuelan population 

(Bermudez, et al., 2021). The increment in the waist circumference could be 

due to the loss of lean tissue which can start as early as age 45 (Janssen, et al., 

2000). The total and regional fat distribution will differ at different age. In older 

individuals, decreased physical activity and basal metabolic rate while the 

energy intake remained the same, all these will contribute to the increase in 

adiposity (Enzi, et al., 1986). The abdominal fat, particularly the visceral fat 

tends to increase while the lower body subcutaneous fat will tend to decrease 

(Kuk, et al., 2009).  

 

A study conducted by Khan et al. in 1970 among Pakistan population revealed 

that age was significantly associated with fasting blood glucose level which is 

found in agreement with our study. Previous study had showed that the glycated 

hemoglobin level rose with age, but no association was found between fasting 

plasma glucose levels and age (Kilpatrick, Dominiczak and Small, 1996). 
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According to the national diabetes statistics reported by Centers for Disease 

Control and Prevention (2020), there was about 25% of diabetic individual in 

2015 were over 65 years. The increment of fasting blood glucose with age may 

be multi-factorial. Due to aging, the body’s ability in regulating glucose level 

will progressively diminish. The secondary influences of body fat and physical 

fitness will lead to poor glucose tolerance (Shimokata, et al., 1991).  The 

changes in glucose tolerance are more prominent in individuals who were 60 

and above (Shimokata, et al., 1991). The deterioration of glucose tolerance may 

be due to the rise in hepatic insulin clearance as well as the decline in total 

insulin clearance in elderly and subsequently lead to decline in insulin secretion 

and action (Basu, et al., 2003). Moreover, aging may cause changes in the 

glycemic index values of food, insulin levels and insulin sensitivity (Ko, Wai 

and Tang, 2006). The deterioration in pancreatic β-cell activity may result from 

the elderly's disproportionately high proinsulin to C-peptide levels (Gama, et al., 

2000). Hence, these can attribute to high fasting blood glucose level as seen in 

this study, especially when the age is more than 40. 

 

5.4.3 Ethnicity 

This study grouped the ethnic group of study subjects into two groups, which 

were Chinese and other ethnicities including Indian, Malay, and Chinese-

Filipino. There was no significant difference between ethnicity and waist 

circumference, which is found to contradict a study conducted among 

Malaysian workers in Peninsular Malaysia. An earlier study mentioned that 

Indian workers are prone to have a greater waist circumference (Shafiee, et al., 

2022). Another study conducted among Asian pre-pubertal children also show 
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significant differences in waist circumference among four different ethnic 

groups (Liu, et al., 2011). However, due to only one Indian subject in this study, 

this small sample size and low variation in ethnicity may contribute to the 

contradiction with earlier studies.  

 

Our study showed a significant difference between the ethnic group and fasting 

blood glucose levels. Similar findings were also seen in a study conducted in 

Singapore in which a significant association was presented between ethnicity 

and fasting blood glucose level (Venkataraman, et al., 2012). Different ethnic 

groups presented variations in HbA1c and fasting plasma glucose in which 

Malay and Indians had higher HbA1c levels compared to Chinese. Another 

study conducted in Singapore revealed Chinese are highly insulin sensitive 

while Indians are weakly insulin-sensitive (Tan, et al., 2015). The finding by 

Tan et al. was contradicting our study as our study shows that the Chinese have 

relatively higher fasting blood glucose levels than other ethnicities. This 

contradiction could be probably due to the small sample size of other ethnic 

groups and the predominant study population is Chinese in our study.  

 

5.4.4 Place of Origin 

In this study, there were significant differences in waist circumference and 

fasting blood glucose among groups of different places of origin. Perak showed 

the highest waist circumference and fasting blood glucose level. This was 

consistent with earlier findings. Our study showed the subjects from urban areas 

such as Kuala Lumpur and Penang have relatively lower waist circumferences. 

Studies conducted in China showed a significant difference between waist 
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circumference and place of origin, where subjects from rural areas are prone to 

abdominal obesity (Shen, et al., 2019). The population in an urban area has 

lower waist circumference and lower risk of abdominal obesity due to their 

higher educational level as the educational level has an inverse association with 

the waist circumference (Boing and Subramanian, 2015). In addition, Penang 

was found to have relatively higher educational attainment levels than Perlis, 

Kedah, and Perak (Organisation for Economic Co-operation and Development, 

n.d.). The findings from a study in India showed contradictory results where 

subjects from rural areas have a lower waist circumference than urban areas 

(Pradeepa, et al., 2015). The main factor contributing to the higher waist 

circumference in urban environments due to increased availability of unhealthy 

meals or fast food and the sedentary lifestyle (Samadoulougou, et al., 2022). 

 

Based on the results obtained in this study, the subjects from urban areas 

including Kuala Lumpur, Penang, and Selangor were found with relatively 

lower fasting blood glucose levels. This inconsistent finding is where the 

prevalence of pre-diabetes and diabetes are higher in the urban area due to 

unhealthy and sedentary lifestyles (McAlexander, et al., 2022; Ghassab-

Abdollahi, et al., 2023). The inconsistent findings could be attributed to the 

predominant study subjects in this study being young adults who are university 

students that tend to have unhealthy lifestyles, such as preferring to have supper 

or late evening dinner. 
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5.5 Anthropometric Measurement and COVID-19 History in relation 

to Waist Circumference and Fasting Blood Glucose Level. 

5.5.1 Anthropometric Measurement 

In this study, the BMI of the subjects was calculated from the height and weight 

measurements. The subjects were grouped into four groups based on their BMI, 

which were underweight, normal, overweight, and obese. Our study showed that 

obese subjects had the largest waist circumference while the underweight 

subjects had the smallest waist circumference. A previous study on the Belgian 

population found that there was a strong positive linear correlation between 

BMI and waist circumference with Pearson’s correlation coefficient and 

Spearman’s rank correlation coefficient of 0.87 (Wilmet, et al., 2017). This 

could be explained as obesity is caused by the accumulation of fat due to the 

consumption of excess calories. The waist circumference will increase as a 

direct result of fat buildup, especially in the abdominal part. BMI and waist 

circumference is directly proportional to each other, nevertheless, waist 

circumference remains the best reference in determining obesity as BMI does 

not depict the distribution of fats or muscle in an individual (Gierach, et al., 

2014; Darsini, et al., 2020). 

 

In this study, there were significant differences in fasting blood glucose levels 

between different BMI categories. Our study showed that subjects who were 

obese had the highest fasting blood glucose while the subjects who were 

underweight had the lowest fasting blood glucose level. This was found in 

agreement with earlier findings. A previous study in Jharkhand, India revealed 

that fasting blood glucose level has a significant positive correlation with BMI 
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(Agrawal, et al., 2017). Another study in India also showed a positive 

correlation between fasting blood glucose with BMI category with Pearson’s 

correlation coefficient of 0.26 (Vittal, Praveen, and Deepak, 2010). This could 

be justified as obesity impairs β-cell sensitivity to glucose and results in 

peripheral resistance to insulin-mediated glucose absorption (Vittal, Praveen, 

and Deepak, 2010). 

 

5.5.2 COVID-19 History  

Waist circumference was found significantly different with the history of 

COVID-19 in the past month. Subjects who do not have COVID-19 history 

were having larger waist circumference. Contradicting findings were seen as the 

study conducted among Danish patients hospitalized with community-acquired 

pneumonia revealed that as much as 82% of female and 65% of male patients 

with COVID-19 will have increased waist circumference (Ryrsø, et al., 2022). 

Our findings were found contradictory as the dominance of subjects without 

COVID-19 history in the past month. The reduction of waist circumference in 

subjects with a COVID-19 history may be because of COVID-19 on 

chemosensory functions which involves ageusia, anosmia, and parosmia. The 

altered chemosensory functions may eventually lead to loss of appetite in 

COVID-19 patients. In this study, COVID-19 history in the past month was 

found not significantly associated with fasting blood glucose levels. However, 

earlier studies showed that COVID-19 patients tend to have a direct or 

permanent injury in their β-cells which manufacture insulin. This injury may 

lead to insulin resistance where the ability of β-cells to absorb blood glucose is 

impaired. Acute insulin resistance or even transient insulin deficiency can be 
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overcome by insulin or other medications for a short time (Massachusetts 

General Hospital, 2022). 

 

5.6 TCM Body Constitution in relation to Waist Circumference and 

Fasting Blood Glucose Level 

Previous findings revealed that obesity is often accompanied by blood stasis 

(Kang, et al., 2019). The coagulation system is altered by excess body weight, 

including reduced fibrinolytic activity and increased plasma concentrations of 

clotting components. Both arterial and venous thrombosis are hypothesized to 

be affected by these changes in endothelial function and coagulation. Due to 

these mechanisms, central obesity is believed to increase the risk of venous 

stasis (Willenberg, et al., 2010). Previous findings revealed that fasting plasma 

insulin is a marker for insulin resistance and was considerably higher in 

impaired glucose regulation participants with Phlegm-damp, Damp-heat, or Qi-

deficiency constitutions. Subjects with phlegm-dampness, damp-heat, or qi-

deficiency were expected to have higher levels of blood glucose and were at 

higher risk for progression of diabetes (You, et al., 2017).  

 

 Based on the results from our study, TCM body constitution was not 

significantly associated with both waist circumference and fasting blood 

glucose level. The insignificance may be due to the small sample size recruited 

in the study, in addition, most of the subjects were found to be gentleness. In 

addition, most of the subjects were having a combination of body constitutions 

probably because they were ambiguous while answering the body constitution 
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questionnaire. Hence, the finding was not conclusive and further investigation 

was needed. 

 

5.7 rs735396 and rs2975760 in relation to Waist Circumference and 

Fasting Blood Glucose Level 

From the results obtained in this study, there was no significant association 

between variant rs735396 and waist circumference which is inconsistent with 

Dallali’s findings but consistent with Morjane’s findings. According to Dallali 

et al. in 2022, there was a significant association between variant rs735396 and 

a higher waist circumference in the Tunisian population. However, Morjane et 

al. (2017) revealed that there was no significant association between variant 

rs735396 and waist circumference among the Moroccan population. From the 

results obtained in this study, there was a significant association between 

rs735396 and fasting blood glucose level which is contradictory to the previous 

findings. The study conducted by Morjane et al. (2017) and Dallali et al. (2022) 

revealed that there was no significant association between rs735396 and fasting 

blood glucose level. Subjects with wild type genotype (TT) were found to have 

the highest fasting blood glucose level. The findings may depict other than 

polymorphism, rs735396, there could be other factors that may also influence 

the fasting blood glucose.  

 

There was no significant difference between rs2975760 genotypes with waist 

circumference which was found consistent with the study by Saez et al. (2008). 

Another study also revealed that variant rs2975760 was not significantly 

associated with intra-abdominal fat area (Pihlajamäki, et al., 2006). This can be 



78 
 

explained that the waist circumference was not associated with rs2975760. The 

change in waist circumference is often led by the change in intra-abdominal fat. 

Our study showed a significant difference between rs2975760 genotypes with 

fasting blood glucose levels. Based on a previous study, inherited the rare allele 

C in rs2975760 from heterozygous parents to their offspring was detected with 

type 2 diabetes mellitus (Song, et al., 2004). This was consistent with the results 

obtained in our study where subjects with wildtype genotype had a lower fasting 

blood glucose level. Our study showed mutant allele (C nucleotide) is associated 

with type 2 diabetes where the fasting blood glucose will rise. The variant 

rs2975760 was associated with transcriptional regulation of calpain-10 

expression (Evans, et al., 2001). Calpain-10 acts as the determinant for insulin 

exocytosis and thus, dysregulation in the expression of calpain-10 gene will 

directly alter the glucose metabolism and eventually influence the fasting blood 

glucose level (Turner, Cassell, and Hitman, 2005). A study conducted by 

Pihlajamäki, et al. (2006) also claimed that variant rs2975760 was associated 

with insulin exocytosis by the calpain-10. 

 

5.8 Association of TCM body constitution with rs735396 and rs2975760 

Based on the results obtained from this study, TCM body constitution was not 

significantly associated with both SNPs, rs735396 and rs2975760. This 

indicates that both variables are independent of each other. This is probably 

because the TCM body constitution can be changed over time by acquired 

factors such as dietary uptake, lifestyle, and environmental changes (Yap, et al., 

2021). Therefore, an individual can have different body constitutions 

throughout their life. Polymorphism presented in genes is unchangeable as this 
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was inherited from parents. As SNPs tend to occur naturally, the distribution of 

SNPs is substantially non-random due to mutation hotspots, natural selection, 

and ascertainment biases (Amos, 2010). However, limited study was found on 

the association between TCM body constitution and the SNPs of metabolic 

genes, more studies are needed to prove the insignificance. 

 

5.9 Association between Demographic Distribution and COVID-19 

History with TCM Body Constitution 

A study conducted by Bai, et al. (2021) showed that the different body 

constitution distribution was related to gender, especially among patients with 

unbalanced TCM body constitution. Both Yang deficiency and Blood Stasis 

were found higher in females whereas phlegm dampness and qi-deficiency were 

found higher in males. Yin predominates Yang in females and physiological 

processes like menstruation and childbirth tend to cause blood to stagnate. 

Conversely, males are more prone to smoke and drink alcohol, and they also 

prefer salty and oily foods, which can lead to an increase in phlegm-dampness 

in the body (Bai, et al., 2021).  

 

A previous study revealed that there is a significant association between age and 

TCM body constitution where Yin deficiency, Yang deficiency, Qi deficiency, 

and Qi depression is more common in older adults (Ma, et al., 2022). Blood-

stasis constitution was reported at a higher percentage among older age groups 

(Bai, et al., 2021). Elderly people often develop yang deficiency and blood stasis 

constitutions because as they age, their blood and qi circulations become 

irregular (Bai, et al., 2021). 
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There was no significant difference between TCM BC with age and gender 

which may be due to limited subjects who possess just a single type of body 

constitution. There were many study subjects with more than three types of body 

constitution which were not reliable. Other variables in demographic 

distribution which include ethnicity and place of origin also showed no 

significant association with TCM body constitution. Furthermore, there was no 

significant association between COVID-19 history and TCM body constitution. 

However, the findings have remained ambiguous as this study was not able to 

have study subjects with only a single constitution. The possible reason could 

be the study subjects might be ambiguous when answering the questionnaire. 

This may attribute to low accuracy when the score was calculated to analyze the 

type of body constitutions. 

 

5.10 Limitations 

The limitation of this study was the small sample size recruited where it was 

only able to meet 90% confidence interval. There was a 10% error that might 

occur in this study. In addition, the study subjects recruited were majority 

Chinese and in the age group of 29 and below which causes difficulties in 

determining the relation of demographic distribution with waist circumference 

and fasting blood glucose level.  

 

5.11 Future Recommendations 

More samples should be recruited to meet the minimum of 95% confidence 

interval. Furthermore, a waist-hip ratio should be considered as waist 

circumference alone may not contribute to a comprehensive analysis of 
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abdominal obesity. Besides, the answering session for CCMQ should be guided 

to ensure the accuracy of answering in avoiding a combination of body 

constitutions. 
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CHAPTER 6 

CONCLUSIONS 

 

In conclusion, the incidence of abdominal obesity and diabetes differs in 

individuals with different demographic distributions. Many factors including 

BMI, genetic variants, and TCM body constitutions may contribute to the risk 

of having abdominal obesity and diabetes The prevalence rate of diabetes 

obtained from this study was lower than the prevalence rate reported in the 

National Diabetes Registry Report in 2019 due to the imbalance age distribution 

of the subjects in this study. The prevalence rate of abdominal obesity was lower 

than the prevalence rate reported by the previous study because of the bias in 

the ethnicity of the subjects that were being recruited. Both identified SNPs 

were significant in this study population with MAF > 0.05. The minor allele 

frequency for rs735396 obtained in this study was close to the minor allele 

frequency reported by NIH whereas the minor allele frequency for rs2975760 

obtained in this study differs from the reported minor allele frequency. 

Geographical distribution could be depicted as one of the factors in giving 

genetic variation among different populations. Gender, age, place of origin, 

BMI, and COVID-19 history in the past month were found to have significant 

differences in waist circumference. Meanwhile, gender, age, ethnicity, place of 

origin, BMI, rs735396, and rs2975760 were found to have significant 

differences in fasting blood glucose level at a 90% confidence interval. Age was 

found to be significantly associated with the TCM body constitution of the 

subjects studied. Hence abdominal obesity and diabetes were found to be 
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multifactorial. It is important to elucidate the risk factors in knowing the 

predisposition to MetS for better prevention as well as healthcare awareness. 
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APPENDIX B 

 

 

Sample 

ID 
Gender  Age Ethnicity Place of Origin  

COVID-19 

History 
BMI 

001 Female 22 Chinese Perak No 19.00 

002 Female 21 Chinese Johor No 27.44 

003 Female 21 Chinese Johor No 30.73 

004 Male 39 Chinese Penang No 31.94 

005 Female 21 Chinese Labuan No 17.38 

006 Male 22 Chinese Perak No 22.17 

007 Female 21 Chinese KL No 21.52 

008 Male 20 Chinese Perak No 22.02 

009 Female 21 Chinese Melaka No 20.67 

010 Female 21 Chinese Melaka No 27.68 

011 Female 22 Chinese Kuala Lumpur No 22.61 

012 Female 20 Chinese Selangor No 29.64 

013 Female 21 Chinese Selangor Yes 17.40 

014 Female 20 Chinese Negeri Sembilan No 22.38 

015 Male  21 Chinese Selangor  No 23.58 

016 Female 20 Chinese Penang No 17.91 

017 Female 20 Chinese Kuala Lumpur No 18.79 

018 Female 20 Chinese Penang No 17.55 

019 Female  20 Chinese Melaka No 26.94 

020 Male 21 Chinese Ipoh No 21.82 

021 Female 20 Chinese Perak No 22.88 

022 Female  34 Malay Pahang  No 24.04 

023 Male 21 Chinese Johor No 18.64 

024 Male 21 Chinese Perak No 19.93 

025 Male  21 Chinese Kuala Lumpur No 17.00 

026 Female  21 
Chinese-

Filipinos 
Labuan  No 20.66 

027 Female 22 Chinese Negeri Sembilan No 18.69 

028 Male 24 Chinese Melaka No 18.55 

029 Female  21 Chinese Johor No 19.26 

030 Female  32 Malay Johor No 19.31 

031 Male  21 Chinese Terengganu No 19.20 

032 Female 21 Chinese Pahang  No 18.24 

033 Male 22 Chinese Selangor No 22.07 

034 Male 20 Chinese Negeri Sembilan No 28.60 

035 Male  50 Chinese Ipoh No 32.11 

036 Male 40 Chinese Perak Yes 25.44 
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037 Male 70 Chinese Perak  No 27.18 

038 Male 65 Chinese Perak  No 31.84 

039 Female 62 Chinese Perak No 21.10 

040 Male 43 Chinese Perak No 23.51 

041 Male  61 Chinese Perak  No 22.84 

042 Male  59 Chinese Perak  No 25.41 

043 Male 37 Chinese Perak No 25.79 

044 Female 58 Chinese Perak No 26.08 

045 Male 58 Chinese Perak No 30.68 

046 Male 60 Chinese Perak No 30.30 

047 Female 19 Chinese Perak No 34.83 

048 Female 86 Chinese Perak No 20.49 

049 Female 45 Chinese Perak No 28.23 

050 Male 46 Chinese Perak No 29.48 

051 Male 42 Chinese Perak No 31.14 

052 Male 55 Chinese Perak No 26.19 

053 Female 36 Chinese Perak No 24.34 

054 Male 38 Chinese Perak  No 21.47 

055 Male 44 Chinese Perak No 23.72 

056 Female 50 Chinese Perak No 23.48 

057 Female 36 Chinese Perak No 21.10 

058 Female 42 Chinese Perak No 20.58 

059 Male 63 Chinese Perak No 22.47 

060 Female 30 Chinese Perak Yes 18.59 

061 Male 35 Chinese Perak No 18.31 

062 Male 29 Chinese Perak No 17.93 

063 Female 28 Chinese Perak No 17.22 

064 Male 39 Chinese Perak No 23.04 

065 Female 51 Chinese Perak No 24.88 

066 Male 51 Chinese Perak No 27.27 

067 Female 25 Chinese Perak Yes 19.92 

068 Male 37 Chinese Perak No 25.74 

069 Male 58 Chinese Perak No 21.12 

070 Male  20 Chinese Selangor  No 20.25 

071 Female  22 Chinese Penang No 17.96 

072 Female 25 Malay Perak  No 31.95 

073 Female  19 Chinese Johor  No 21.08 

074 Female 22 Chinese Penang No 22.31 

075 Female 21 Chinese Sabah No 20.72 

076 Female 21 Chinese Perak No 17.26 

077 Male 55 Chinese Perak No 19.64 

078 Male 21 Chinese Kuala Lumpur No 19.65 

079 Male 21 Chinese Perak No 21.42 

080 Female 21 Indian Selangor  No 31.25 
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081 Male 48 Chinese Perak No 22.82 

082 Female 39 Chinese Perak Yes 18.89 

083 Male 56 Chinese Perak No 27.61 

084 Female 21 Chinese Penang No 19.38 

085 Male 40 Chinese Perak No 22.84 

086 Female 55 Chinese Perak No 21.08 

087 Male 39 Chinese Perak No 29.46 

088 Female 39 Chinese Perak No 31.53 

089 Male 36 Chinese Perak No 34.24 

090 Female 37 Chinese Perak No 25.53 

091 Male 37 Chinese Perak No 27.33 

092 Male 52 Chinese Perak No 19.90 

093 Male 37 Chinese Perak No 27.22 

094 Male 50 Chinese Perak No 27.13 

095 Female 23 Chinese Perak No 17.48 

96 Male 76 Chinese Perak No 22.65 

097 Female 57 Chinese Perak No 18.42 

098 Female 50 Chinese Perak No 18.76 

099 Female 53 Chinese Perak No 21.02 

100 Male 29 Chinese Perak No 28.15 

101 Male 21 Chinese Perak No 17.79 

102 Male 49 Chinese Perak No 22.45 
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APPENDIX C 

 

 

Sample ID Waist circumference (cm) Blood glucose (mmol/L) 

001 63 4.6 

002 81 5.2 

003 82 4.9 

004 106 4.3 

005 70 4.7 

006 82 5.2 

007 81 4.2 

008 74 5.3 

009 69 5.0 

010 88 5.3 

011 75 6.5 

012 88 5.2 

013 65 5.1 

014 72 4.9 

015 81 4.9 

016 63 4.4 

017 63 4.8 

018 65 5.4 

019 79 4.7 

020 73 4.5 

021 80 5.3 

022 85 3.3 

023 71 6.6 

024 73 6.0 

025 60 5.1 

026 69 5.0 

027 65 5.4 

028 70 4.3 

029 74 5.3 

030 67 5.1 

031 70.5 5.1 

032 64 4.4 

033 70 4.4 

034 84 5.1 

035 93 5.6 

036 79 5.9 

037 94 5.6 
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038 111 5.8 

039 82 4.9 

040 89 5.2 

041 81 6.9 

042 94 5.9 

043 89 5.9 

044 86 5.6 

045 108.5 5.5 

046 89 6.9 

047 110 5.1 

048 82 7.3 

049 66 5.0 

050 98 5.2 

051 103 5.7 

052 93 5.2 

053 84 4.9 

054 77 5.3 

055 93 5.7 

056 76 5.2 

057 74 6.3 

058 65 5.3 

059 82 5.4 

060 67 4.6 

061 68 5.1 

062 69 4.9 

063 65 4.1 

064 79 5.2 

065 74.5 4.9 

066 100 6.1 

067 71 4.7 

068 89 5.2 

069 81 5.6 

070 81 4.8 

071 64 4.8 

072 86.5 5.2 

073 70 5.2 

074 69 5.0 

075 79 5.9 

076 62 4.8 

077 76 5.4 

078 84 4.7 

079 83 4.6 

080 83 4.8 

081 81 5.8 
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082 74 5.4 

083 108 5.8 

084 66 5.4 

085 89 5.3 

086 72 5.8 

087 110 5.6 

088 90 5.8 

089 106 5.9 

090 90 5.6 

091 102 6.1 

092 83 6.1 

093 95 5.8 

094 99 6.1 

095 61 4.8 

96 93 6.3 

097 70 5.5 

098 72 5.3 

099 70 5.3 

100 92 4.9 

101 69 4.9 

102 86 8.3 

 

 

 

 

 

 

 

 

 



 

113 
 

APPENDIX D 

 

 

Sample ID Concentration (ng/µL) Purity (A260/A280) 

001 148.2 1.86 

002 72.5 1.84 

003 47.2 1.64 

004 49.4 1.81 

005 41.8 1.8 

006 76.6 1.84 

007 33.6 2.45 

008 27.4 1.86 

009 83.9 1.85 

010 63.9 1.99 

011 61.8 0.68 

012 42.9 1.77 

013 57.9 1.52 

014 113.7 1.87 

015 39.8 1.79 

016 138.7 1.88 

017 23.8 1.75 

018 23.1 1.64 

019 26.5 1.75 

020 42.8 1.76 

021 79.8 1.85 

022 39.3 1.79 

023 52.3 1.82 

024 36.8 1.78 

025 59.6 1.53 

026 51 1.82 

027 26.7 1.78 

028 44.4 1.81 

029 30.1 1.79 

030 31.6 1.78 

031 60.8 1.82 

032 36.7 1.74 

033 35.8 1.79 

034 36.9 1.82 

035 64.5 1.87 
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036 55.6 1.88 

037 58.6 1.39 

038 43.5 1.84 

039 79.1 1.61 

040 35.9 1.9 

041 38.6 1.89 

042 37.3 1.82 

043 57.7 1.8 

044 21.9 1.87 

045 32.2 1.78 

046 27.2 1.95 

047 40.4 1.89 

048 325.2 1.53 

049 64.2 1.87 

050 18.8 1.8 

051 87.3 1.84 

052 25.6 1.88 

053 25.6 1.8 

054 26.9 1.58 

055 59.7 1.87 

056 31.7 1.76 

057 74.3 1.89 

058 62.5 1.88 

059 17.2 1.81 

060 30.4 1.67 

061 42.3 1.87 

062 23 1.67 

063 99.9 1.49 

064 19.9 1.88 

065 38.2 1.87 

066 58 1.54 

067 110.6 2.09 

068 66.1 1.86 

069 33.6 1.87 

070 20.8 1.9 

071 33.6 1.8 

072 25 1.78 

073 52 1.82 

074 28.9 1.81 

075 20.3 1.81 

076 51.5 1.85 
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077 40.7 1.19 

078 32.8 1.92 

079 34.6 1.91 

080 70.3 1.88 

081 24.6 1.88 

082 46.1 1.88 

083 30.6 1.86 

084 35.6 1.9 

085 18 1.93 

086 44.9 1.9 

087 39.5 1.82 

088 25.1 1.73 

089 33.2 1.79 

090 39 1.84 

091 17.5 1.96 

092 31.8 1.63 

093 26.8 1.74 

094 48 1.81 

095 57.4 1.82 

96 50.5 1.86 

097 109.1 1.79 

098 196.2 1.86 

099 137.4 1.96 

100 121 1.84 

101 69.2 1.85 

102 69.8 1.78 
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APPENDIX E 

 

 

Sample ID rs735396 (T>C) rs2975760 (T>C) 

001 TT TT 

002 CC CC 

003 CC TT 

004 CC TT 

005 TT TT 

006 TT TT 

007 TC TT 

008 TC TC 

009 TC TT 

010 CC TT 

011 TC TC 

012 TC TT 

013 TC TT 

014 CC TT 

015 TC TT 

016 TT TT 

017 TC TT 

018 TC TT 

019 CC TT 

020 CC TT 

021 TC TT 

022 TC TT 

023 TC TT 

024 TC CC 

025 TC TT 

026 TC TT 

027 TC TT 

028 TC TT 

029 TC TT 

030 TT TT 

031 CC TT 

032 CC TT 

033 CC TT 

034 CC TT 

035 CC TT 
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036 TC TC 

037 TC TT 

038 TC TT 

039 TC TC 

040 TC TT 

041 TT TC 

042 TC TT 

043 TC TT 

044 TC TT 

045 TC TT 

046 CC TT 

047 TC TT 

048 TT TC 

049 CC TT 

050 TT TT 

051 CC TT 

052 TC TT 

053 TC TT 

054 CC TT 

055 TC TT 

056 TC TT 

057 TC TT 

058 TC TT 

059 TC TT 

060 CC TT 

061 TC TT 

062 TC TT 

063 TT TT 

064 CC TT 

065 TC TT 

066 TT TT 

067 TC TC 

068 TC TT 

069 TC TT 

070 TC TT 

071 TC TC 

072 TC TT 

073 TT TT 

074 TT TT 

075 TC TT 

076 TC TT 
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077 TC TT 

078 TC TT 

079 TC TT 

080 CC TT 

081 TT CC 

082 TC TT 

083 TT TT 

084 TT TC 

085 TT TT 

086 TT TT 

087 TT TT 

088 TT TT 

089 TT TT 

090 TT TC 

091 TT TT 

092 TC TT 

093 TC TT 

094 TC TT 

095 TC TT 

96 TC TT 

097 CC TT 

098 TT TT 

099 CC TT 

100 CC TT 

101 TC TT 

102 TC TT 
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APPENDIX F 

 

 

 
Lane 1: 50 bp ladder; Lane 2: sample 001; Lane 3: sample 002; Lane 4: sample 

003; Lane 5: sample 004; Lane 6: sample 005; Lane 7: sample 006; Lane 8: 

Non-template control (NTC) 

 

 

 
Lane 1: 50 bp ladder; Lane 2: sample 007; Lane 3: sample 008; Lane 4: sample 

009; Lane 5: sample 010; Lane 6: sample 011; Lane 7: sample 012; Lane 8: 

Non-template control (NTC) 
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Lane 1: 50 bp ladder; Lane 2: sample 035; Lane 3: sample 036; Lane 4: sample 

037; Lane 5: sample 038; Lane 6: sample 039; Lane 7: sample 040; Lane 8: 

sample 041; Lane 9: sample 042; Lane 10: sample 043; Lane 11: sample 044; 

Lane 12: sample 045; Lane 13: sample 046; Lane 14: sample 047; Lane 15: 

sample 048; Lane 16: sample 049; Lane 17: Non-template control (NTC) 

 

 

 

Lane 1: 50 bp ladder; Lane 2: sample 050; Lane 3: sample 051; Lane 4: sample 

052; Lane 5: sample 053; Lane 6: sample 054; Lane 7: sample 055; Lane 8: 

sample 056; Lane 9: sample 057; Lane 10: sample 058; Lane 11: sample 059; 

Lane 12: sample 060; Lane 13: sample 061; Lane 14: sample 062; Lane 15: 

sample 063; Lane 16: sample 064; Lane 17: Non-template control (NTC) 

 

 

 

 

 

 

 

 

 

 

 

1    2    3    4    5    6    7    8    9   10  11  12  13  14   15  16  17  

500 bp 
400 bp 

200 bp 

419 bp 

200 bp 
274 bp 

 1    2    3    4    5    6   7    8    9   10  11 12  13  14  15  16  17  

419 bp 

200 bp 

500 bp 
400 bp 
200 bp 
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Lane 1: 50 bp ladder; Lane 2: sample 065; Lane 3: sample 066; Lane 4: sample 

067; Lane 5: sample 068; Lane 6: sample 069; Lane 7: sample 070; Lane 8: 

sample 071; Lane 9: sample 072; Lane 10: sample 073; Lane 11: sample 074; 

Lane 12: sample 075; Lane 13: sample 076; Lane 14: sample 078; Lane 15: 

sample 079; Lane 16: sample 080; Lane 17: Non-template control (NTC) 

 

 

 

Lane 1: 50 bp ladder; Lane 2: sample 096; Lane 3: sample 097; Lane 4: sample 

098; Lane 5: sample 099; Lane 6: sample 100; Lane 7: sample 101; Lane 8: 

sample 102; Lane 9: sample 013; Lane 10: sample 014; Lane 11: sample 015; 

Lane 12: sample 016; Lane 13: sample 017; Lane 14: sample 018; Lane 15: 

sample 019; Lane 16: sample 020; Lane 17: Non-template control (NTC) 

1    2    3    4    5    6    7    8    9   10  11  12   13  14  15  16  17  

419 bp 

200 bp 
274 bp 

500 bp 
400 bp 

200 bp 

500 bp 
400 bp 

200 bp 

419 bp 

200 bp 

1    2    3    4    5    6   7   8    9   10  11  12  13  14 15  16  17  
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Lane 1: 50 bp ladder; Lane 2: sample 021; Lane 3: sample 022; Lane 4: sample 

023; Lane 5: sample 024; Lane 6: sample 025; Lane 7: sample 026; Lane 8: 

sample 027; Lane 9: sample 028; Lane 10: sample 029; Lane 11: sample 030; 

Lane 12: sample 031; Lane 13: sample 032; Lane 14: sample 033; Lane 15: 

sample 034; Lane 16: sample 077; Lane 17: Non-template control (NTC) 

 

 

 

Lane 1: 50 bp ladder; Lane 2: sample 002; Lane 3: sample 024; Lane 4: sample 

050; Lane 5: sample 051; Lane 6: sample 052; Lane 7: sample 053; Lane 8: 

sample 067; Lane 9: sample 068; Lane 10: sample 069; Lane 11: sample 071; 

Lane 12: sample 072; Lane 13: sample 081; Lane 14: sample 082; Lane 15: 

Non-template control (NTC)  

 

 

 

 

 

 

 

 

 

1    2    3    4   5    6    7    8    9  10  11  12  13  14  15  16  17  

500 bp 
400 bp 

200 bp 

419 bp 

200 bp 

1    2    3    4    5    6    7   8     9  10  11  12  13  14  15   

500 bp 
400 bp 

200 bp 

419 bp 

200 bp 
274 bp 
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Lane 1: 50 bp ladder; Lane 2: sample 090; Lane 3: sample 091; Lane 4: sample 

092; Lane 5: sample 093; Lane 6: sample 094; Lane 7: sample 095; Lane 8: 

sample 083; Lane 9: sample 084; Lane 10: sample 085; Lane 11: sample 086; 

Lane 12: sample 087; Lane 13: sample 088; Lane 14: sample 089; Lane 15: 

Non-template control (NTC)  

 

 

 

Lane 1: 50 bp ladder; Lane 2: sample 067; Lane 3: sample 068; Lane 4: sample 

082; Lane 5: sample 094; Lane 6: Non-template control (NTC) 

 

 

 

 

 

1    2    3    4    5    6    7   8    9   10  11  12  13  14  15   

500 bp 
400 bp 

200 bp 

419 bp 

200 bp 
274 bp 

1    2    3    4   5    6    

500 bp 
400 bp 

200 bp 

419 bp 

200 bp 
274 bp 
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Lane 1: 50 bp ladder; Lane 2: sample 001; Lane 3: sample 002; Lane 4: sample 

003; Lane 5: sample 004; Lane 6: sample 007; Lane 7: sample 008; Lane 8: 

sample 009; Lane 9: sample 010; Lane 10: sample 011; Lane 11: sample 012; 

Lane 12: sample 032; Lane 13: sample 082; Lane 14: sample 092; Lane 15: 

sample 093; Lane 16: sample 094; Lane 17: Non-template control (NTC) 

 

 

 

Lane 1: 50 bp ladder; Lane 2: sample 021; Lane 3: sample 022; Lane 4: sample 

023; Lane 5: sample 024; Lane 6: sample 025; Lane 7: sample 026; Lane 8: 

sample 027; Lane 9: sample 028; Lane 10: sample 029; Lane 11: sample 030; 

Lane 12: sample 031; Lane 13: sample 032; Lane 14: sample 033; Lane 15: 

sample 034; Lane 16: sample 077; Lane 17: Non-template control (NTC) 

 

 

 

1    2    3    4    5   6   7    8   9   10  11  12 13  14 15  16  17 

500 bp 
400 bp 

200 bp 

400 bp 

193 bp 
263 bp 

1    2    3    4   5   6   7    8   9  10  11 12  13 14  15 16  17 

500 bp 
400 bp 
200 bp 

400 bp 

193 bp 
263 bp 
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Lane 1: 50 bp ladder; Lane 2: sample 050; Lane 3: sample 051; Lane 4: sample 

052; Lane 5: sample 053; Lane 6: sample 054; Lane 7: sample 055; Lane 8: 

sample 056; Lane 9: sample 057; Lane 10: sample 058; Lane 11: sample 059; 

Lane 12: sample 060; Lane 13: sample 061; Lane 14: sample 062; Lane 15: 

sample 063; Lane 16: sample 064; Lane 17: Non-template control (NTC) 
 
 

 
Lane 1: 50 bp ladder; Lane 2: sample 065; Lane 3: sample 066; Lane 4: sample 

067; Lane 5: sample 068; Lane 6: sample 069; Lane 7: sample 070; Lane 8: 

sample 071; Lane 9: sample 072; Lane 10: sample 073; Lane 11: sample 074; 

Lane 12: sample 075; Lane 13: sample 076; Lane 14: sample 078; Lane 15: 

sample 079; Lane 16: sample 080; Lane 17: Non-template control (NTC) 
 
 
 
 
 
 
 
 
 
 
 
 

1    2    3    4    5    6    7   8    9   10  11 12  13  14  15  16  17  

500 bp 
400 bp 

200 bp 

400 bp 

193 bp 
263 bp 

1     2    3    4   5    6    7    8    9   10  11 12  13  14  15  16  17  

500 bp 
400 bp 

200 bp 

400 bp 

193 bp 
263 bp 
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Lane 1: 50 bp ladder; Lane 2: sample 050; Lane 3: sample 090; Lane 4: sample 

095; Lane 5: Non-template control (NTC) 
 
 
 

 
Lane 1: 50 bp ladder; Lane 2: sample 001 Lane 3: sample 048; Lane 4: sample 

049; Lane 5: sample 065; Lane 6: sample 066; Lane 7: sample 093; Lane 8: 

Non-template control (NTC) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1     2     3    4     5      

1      2     3     4     5     6      7    8   

500 bp 
400 bp 

200 bp 

400 bp 

193 bp 
263 bp 

500 bp 
400 bp 
200 bp 

400 bp 

193 bp 
263 bp 
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Lane 1: 50 bp ladder; Lane 2: sample 081; Lane 3: sample 082; Lane 4: sample 

083; Lane 5: sample 084; Lane 6: sample 085; Lane 7: sample 086; Lane 8: 

sample 087; Lane 9: sample 088; Lane 10: sample 089; Lane 11: sample 090; 

Lane 12: sample 091; Lane 13: sample 092; Lane 14: sample 093; Lane 15: 

sample 094; Lane 16: sample 095; Lane 17: Non-template control (NTC) 
 
 
 

 
Lane 1: 50 bp ladder; Lane 2: sample 096; Lane 3: sample 097; Lane 4: sample 

098; Lane 5: sample 099; Lane 6: sample 100; Lane 7: sample 101; Lane 8: 

sample 102; Lane 9: sample 013; Lane 10: sample 014; Lane 11: sample 015; 

Lane 12: sample 016; Lane 13: sample 017; Lane 14: sample 018; Lane 15: 

sample 019; Lane 16: sample 020; Lane 17: Non-template control (NTC) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1     2    3    4    5    6    7   8    9   10  11  12  13  14  15  16  17 

1     2    3    4    5    6    7   8    9   10  11  12  13  14  15  16  17 

500 bp 
400 bp 

200 bp 

500 bp 
400 bp 
200 bp 

400 bp 

193 bp 

400 bp 

193 bp 
263 bp 
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Lane 1: 50 bp ladder; Lane 2: sample 035; Lane 3: sample 036; Lane 4: sample 

037; Lane 5: sample 038; Lane 6: sample 039; Lane 7: sample 040; Lane 8: 

sample 041; Lane 9: sample 042; Lane 10: sample 043; Lane 11: sample 044; 

Lane 12: sample 045; Lane 13: sample 046; Lane 14: sample 047; Lane 15: 

sample 048; Lane 16: sample 049; Lane 17: Non-template control (NTC) 

1     2    3    4    5    6    7   8    9   10  11  12  13  14  15  16  17 

400 bp 

193 bp 
263 bp 

500 bp 
400 bp 
200 bp 
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APPENDIX G 

 

 

Sample 

ID 

Yang 

Xu 

Yin 

Xu 
Qi Xu Tan Shi 

Shi 

Re 

Xue 

Yu 
Te Bing Qi Yu Ping He BC type 

001 46 13 14 16 0 18 39 21 59 Yang Xu 

002 36 50 64 69 42 25 29 64 53 
Yin Xu, Qi Xu, Tan Shi, Shi Re, Qi 

Yu 

003 39 9 14 3 8 7 18 18 72 Ping He 

004 4 31 32 28 17 7 14 0 78 Ping He 

005 43 41 64 6 17 4 0 18 66 Yang Xu, Yin Xu, Qi Xu 

006 64 63 50 19 21 29 43 29 53 Yang Xu, Yin Xu, Qi Xu, Te Bing 

007 46 28 46 28 42 39 46 32 63 Yang Xu, Shi Re, Te Bing, Qi Xu 

008 14 6 39 16 25 25 25 32 59 Qi Yu 

009 14 34 32 6 17 29 11 32 56 Yin Xu 

010 7 19 29 28 42 21 32 46 66 Shi Re, Qi Yu 

011 29 53 29 31 38 46 54 39 53 Xue Yu, Te Bing 

012 36 6 18 6 13 7 29 11 69 Ping He 

013 29 13 11 3 13 18 25 43 69 Qi Yu 

014 25 22 7 6 13 7 11 7 78 Ping He 

015 4 9 7 0 8 7 0 0 84 Ping He 

016 7 13 32 19 33 25 18 14 66 Ping He 
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017 7 38 32 44 17 43 18 18 66 Tan Shi, Xue Yu 

018 25 41 25 31 33 25 57 25 66 Yin Xu, Te Bing 

019 4 16 11 16 29 14 0 18 72 Ping He 

020 32 19 32 13 29 18 7 43 66 Qi Yu 

021 4 22 57 22 29 11 21 39 66 Qi Xu 

022 7 9 7 6 4 11 14 7 69 Ping He 

023 36 31 36 31 50 36 7 32 50 Shi Re 

024 11 13 32 13 21 4 14 21 69 Ping He 

025 4 3 14 0 4 11 7 21 75 Ping He 

026 46 22 21 28 25 25 4 11 75 Yang Xu 

027 46 34 36 22 50 57 57 71 38 
Yang Xu, Shi Re, Xue Yu, Te Bing, 

Qi Yu 

028 46 41 21 28 58 32 36 36 50 Yang Xu, Yin Xu, Shi Re 

029 43 56 50 41 21 36 25 54 50 
Yang Xu, Yin Xu, Qi Xu, Tan Shi, Qi 

Yu 

030 25 25 25 9 21 21 7 14 81 Ping He 

031 36 41 50 25 29 25 50 29 44 Yin Xu, Qi Xu, Te Bing 

032 75 31 36 22 46 39 54 57 63 Yang Xu, Shi Re, Te Bing, Qi Yu 

033 21 75 39 53 50 57 54 68 63 
Yin Xu, Tan Shi, Shi Re, Xue Yu, Te 

Bing, Qi Yu 

034 14 6 11 6 13 4 7 7 91 Ping He 

035 46 59 64 59 29 61 39 64 38 
Yang Xu, Yin Xu, Qi Xu, Tan Shi, 

Xue Yu, Qi Yu 

036 0 0 0 0 0 7 0 0 69 Ping He 

037 21 34 50 41 25 50 14 39 59 Qi Xu, Tan Shi, Xue Yu 
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038 0 0 14 13 8 46 14 0 88 Xue Yu 

039 18 34 25 44 13 14 7 29 59 Tan Shi 

040 18 13 29 25 25 43 18 11 75 Xue Yu 

041 7 19 14 16 21 36 39 0 84 Ping He 

042 0 13 21 9 13 18 39 7 75 Ping He 

043 4 19 43 28 13 36 7 43 50 Qi Xu, Qi Yu 

044 0 31 36 13 29 36 43 29 69 Te Bing 

045 0 25 14 0 8 11 0 0 88 Ping He 

046 4 31 43 34 29 61 64 7 72 Xue Yu, Te Bing, Qi Xu 

047 14 25 43 16 33 25 32 25 63 Qi Xu 

048 36 44 32 0 8 36 18 0 53 Yin Xu 

049 25 22 32 38 13 46 21 29 56 Xue Yu 

050 25 47 32 50 63 36 39 18 50 Yin Xu, Tan Shi, Shi Re 

051 25 25 18 22 13 21 14 14 66 Ping He 

052 29 50 57 63 42 36 29 57 22 Yin Xu, Qi Xu,Tan Shi, Shi Re, Qi Yu 

053 64 56 68 59 58 43 75 75 34 
Yang Xu, Yin Xu, Qi Xu, Tan Shi, Shi 

Re, Xue Yu, Te Bing, Qi Yu 

054 21 28 32 28 8 29 29 25 59 Qi Xu 

055 4 28 57 31 8 21 0 21 59 Qi Xu 

056 21 6 14 13 4 21 21 0 63 Ping He 

057 86 28 39 31 42 43 21 21 47 Yang Xu, Shi Re, Xue Yu 

058 7 19 32 22 25 18 25 50 53 Qi Yu 

059 11 63 54 38 25 25 21 11 50 Yin-Xu, Qi-Xu, Tan-Shi 

060 36 44 54 25 42 32 25 29 33 Yin-Xu, Qi-Xu, Shi-Re 
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061 64 88 43 63 33 50 43 61 25 
Yang-Xu, Qi-Xu, Tan-Shi, Shi-Re, 

Qi-Xu, Te-Bing 

062 46 69 50 25 21 46 18 68 0 Yang-Xu, Qi-Xu, Xue-Yu, Qi-Yu 

063 29 56 64 28 42 39 21 29 50 Yin-Xu, Shi-Re, Xue-Yu 

064 21 78 61 25 21 18 18 14 67 Yin Xu, Qi Xu 

065 Excluded - - - - - - - - - 

066 Excluded - - - - - - - - - 

067 36 66 46 56 46 29 29 25 42 Yin-Xu, Qi-Xu, Tan-Shi, Shi-Re 

068 Excluded - - - - - - - - - 

069 14 97 71 3 4 11 7 0 50 Yin Xu, Qi Xu 

070 21 81 54 0 0 14 50 14 50 Yin Xu, Qi Xu, Te Bing 

071 57 56 50 50 38 39 64 36 50 
Yang-Xu, Yin-Xu, Qi-Xu, Tan-Shi, 

Te-Bing 

072 29 69 64 6 4 29 29 0 42 Qi-Xu, Yin Xu 

073 18 88 71 28 17 21 18 14 33 Yin Xu, Qi Xu 

074 7 84 82 9 13 7 7 21 58 Yin Xu, Qi Xu 

075 46 59 36 53 50 43 46 46 33 
Yang Xu, Yin Xu, Te Bing, Qi Xu, Qi 

Yu, Tan Shi, Shi Re 

076 21 72 57 16 38 29 7 7 67 Yin Xu, Qi Xu 

077 4 91 68 16 29 14 25 14 17 Yin Xu, Qi Xu 

078 43 50 61 25 50 39 46 43 75 
Yang-Xu, Yin-Xu, Qi-Xu, Shi-Re, Qi-

Yu, Te-Bing 

079 11 84 68 3 21 11 25 14 50 Yin Xu, Qi Xu 

080 7 66 61 19 8 25 39 29 58 Yin Xu, Qi Xu 
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081 100 13 32 88 88 96 86 93 8 
Yang-Xu, Tan-Shi, Shi-Re, Xue-Yu, 

Te-Bing, Qi-Yu 

082 57 69 64 22 29 11 32 64 42 Yang-Xu, Yin Xu, Qi-Yu, Qi Xu 

083 0 84 75 9 4 25 11 18 17 Yin-Xu, Qi-Xu 

084 29 53 46 31 38 14 11 39 50 Yin-Xu, Qi-Xu, 

085 11 100 61 13 8 14 11 14 33 Yin Xu, Qi Xu 

086 14 94 50 16 17 14 29 18 33 Yin Xu, Qi Xu 

087 18 78 54 19 8 4 21 0 100 Yin Xu, Qi Xu 

088 0 6 14 3 13 18 7 4 91 Ping He 

089 0 34 25 16 13 7 14 0 63 Ping He 

090 4 41 50 56 38 18 32 50 66 Tan Shi, Yin Xu, Qi Xu and Qi Yu 

091 14 19 36 28 42 29 21 39 78 Shi Re 

092 0 0 0 0 0 0 0 0 100 Ping He 

093 11 19 29 6 4 11 7 14 75 Ping He 

094 7 25 18 19 21 7 7 11 72 Ping He 

095 39 56 54 59 46 43 21 43 34 
Qi Xu, Yin Xu, Xue Yu, Qi Yu, Shi 

Re, Tan Shi 

96 11 6 32 13 4 54 25 18 44 Xue Yu 

097 54 44 50 31 29 50 25 36 41 Yang xu,Yin Xu, Qi Xu and Xue Yu 

098 4 6 11 3 4 7 0 0 72 Ping He 

099 18 19 11 9 8 21 21 0 69 Ping He 

100 21 6 7 3 4 7 25 11 63 Ping He 

101 25 9 18 9 8 4 11 4 69 Ping He 

102 39 28 54 38 46 36 32 14 66 Qi Xu, Shi Re 
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APPENDIX H 
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APPENDIX I 
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