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Abstract:

Cardiovascular diseases and diabetes mellitus are closely linked by sharing common risk factors, such as obesity,
insulin resistance, hypertension and dyslipidaemia. These intermediate risk factors are affected by the joint effects
of environment and genetics. Although a multitude of studies aimed to disentangle the effects of gene-
environment interactions, many of the published gene-environment interaction analyses are inadequately powered
and lack replication due to the small magnitude of interaction effect sizes. Meanwhile, many more potential gene-
environment interactions affecting cardiometabolic risk are yet to be discovered. This thesis investigated the role
of genetic and environmental factors in a range of cardiometabolic traits (e.g. body mass index (BMI), blood lipids,
and blood pressure), using three complementary study designs.

In Paper I, two Swedish cohorts, the Gene-Lifestyle Interactions and Complex Traits Involved in Elevated Disease
Risk Study (GLACIER, N=4902) and the Malmé Diet and Cancer Study (MDCS, N=21,824) were analyzed. In the
meta-analysis, a nominally significant interaction (Pi=0.03) was observed between sugar sweetened beverage
(SSB) intake and a genetic risk score based on BMI related single nucleotide polymorphisms (SNPs). With SSB
consumption defined as four categories, one SSB intake category increase was associated with 0.18 kg/m? mean
change of BMI (P= 1.7x10"%°; n = 26,726).

In Paper Il, interactions between dietary polyunsaturated fatty acid (PUFA) intake and variation at the fatty acid
desaturase (FADS) gene cluster were investigated in the GLACIER cohort (N=5,160). In summary, SNP-,
haplotype-, and gene-level interaction signals were observed in relation to serum triglyceride concentrations.
Through functional annotation, the FADS2 rs5792235 SNP was identified as the probable causal variant in the
region (owing to its high functionality score).

In Paper lll, using repeated-measures data from >18,000 adults in a subcohort of the Véasterbotten Health Survey,
an environment-wide association study (EWAS) was performed employing linear mixed-models, assuming
different intercepts for each individual. A varying number (12-75) of exposure variables showed environmental-
wide-significant associations with nine cardiometabolic traits. For the first time, we showed that heptadecanoic
acid (C17:0) is strongly associated with a range of cardiometabolic traits.

In conclusion, in this thesis | report novel and confirmatory evidence of environmental risk factors, as well as gene-
environment interactions for major intermediate cardiometabolic risk factors.
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Introduction

Cardiometabolic diseases have become a global epidemic affecting more than one
billion people worldwide. According to the World Health Organization (WHO), in
2015, approximately 17.9 million people died from cardiovascular diseases (CVD)
and 1.6 million people died from diabetes; many of whom died from cardiovascular
complications.! Cardiometabolic risk is a condition in which the chances of
developing atherosclerosis, coronary heart disease (CHD), stroke, and diabetes
mellitus are significantly elevated. A wide-range of intermediate risk factors,
including obesity,? insulin resistance,’index,* hypertension,” and dyslipidaemia®’
are considered to play key roles in the disease process. A complex interrelation
network between these intermediate risk factors exists and interrelations among
these factors are often bidirectional. Owing to their value in risk prediction, these
intermediate risk markers are examined routinely in primary and secondary health
care, constituting important data for prognostication and diagnosis.

Cardiometabolic diseases can be heavily affected by a person’s genetic
background,®’ yet the substantial increase in disease prevalence in the modern
society, characterized with sedentary behaviors and highly processed food, suggests
our environment and lifestyle likely being the trigger.' Gene-environment
interactions, defined as a phenomenon in which the joint effects of one or more
genes with one or more environmental factors cannot be readily explained by their
marginal effects, could also play a significant role in the increase of the prevalence
of cardiometabolic diseases.!' The search for genes related to cardiometabolic
disorders has been dominated by two approaches: linkage analysis and genetic
association studies. Linkage analysis has been successful when diseases exhibit
Mendelian patterns of inheritance, such as familial hypercholesterolemia and
Maturity-Onset Diabetes of the Young (MODY).'”™' However, most
cardiometabolic traits and hard disease endpoints like hypertension, type-2 diabetes
(T2DM) and CHD are caused by a combination of genetic, environmental and
lifestyle factors, with each of the components contributing a small phenotypic effect.

Genetic association studies in the general population yield a more comprehensive
knowledge of the molecular basis of complex diseases. This can be achieved by
either testing for phenotypic associations with genetic variants from a putative
candidate gene, or a Genome-wide Association Study (GWAS) microarray, or even
the full genome using whole-genome or whole-exome sequencing. In particular,
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GWAS has proven to be a highly effective way to discover large number of genetic
variants associated with complex traits. By 2015, 755 SNPs located at 366
independent loci were identified as contributors to cardiometabolic diseases.'® This
number has since then dramatically grown owing to the recent wave of GWAS
studies; these additional variants help explained some of the missing heritability for
cardiometabolic diseases.'

Physical activity, behavioural factors, dietary factors, pollution and drugs, among
others, can confer an effect on the development of cardiometabolic diseases. The
established risk factors for cardiometabolic disorders include sugar-sweetened
beverages (SSB),'” red meat,'® processed meat,'”* tobacco,?' and sedentary
behaviours? efc. However, as most epidemiological studies focus on environmental
factors based on prior hypotheses, a considerable number of factors associated with
cardiometabolic disorders may have not been identified.

This thesis explores the independent and joint effects of genetic and environmental
risk factors on the following cardiometabolic traits: weight, body mass index (BMI),
high- density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglycerides, total cholesterol, fasting glucose, 2-hour glucose, and
systolic and diastolic blood pressures.
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Brief introduction to diabetes and CVD

Diabetes is characterized by chronically raised blood glucose levels and it occurs
due to insufficient insulin secretion from the pancreas (termed “insulin deficiency”)
or the body’s inadequate response to insulin (termed “insulin resistance”). The
current WHO diagnosis criteria for diabetes is fasting glucose > 7.0 mmol/L (126
mg/dl), or 2-h glucose > 11.1 mmol/L (200mg/dl) or HbAlc > 6.5% (48
mmol/mol).> It is widely accepted that there are three main types of diabetes: type
1 diabetes mellitus (T1DM), T2DM and gestational diabetes (GDM).** Using a data
driven clustering approach, Ahlqvist et al identified five subtypes of diabetes, which
are essentially different in patient characteristic and risk of complication among
diabetes patients from Finland and Sweden.”® In addition, there are other rare forms
of diabetes, including monogenetic diabetes (e.g. Maturity-Onset Diabetes of the
Young (MODY), neonatal diabetes) and secondary diabetes (e.g. diabetes raised as
a complication of glucagonoma, and drug-induced diabetes).

The main focus of this thesis are the risk factors that lead to T2DM, which accounts
for over 90% of all diabetes cases world-wide.** T2DM is considered modifiable
and most people with T2DM do not depend on exogenous insulin to sustain life.
Accompanied with medication, lifestyle change is often recommended to patients;
this typically includes eating a healthy diet, being physically active, and losing
weight.

CVD refers to a group of disorders including stroke, CHD, and peripheral artery
disease. CVD often relates to a process called atherosclerosis in which plaque
accumulates inside the arteries. Plaque formation is a series of processes involving
lipoprotein retention, inflammatory cell recruitment, foam cell formation, apoptosis
and necrosis, smooth muscle cells (SMCs) proliferation and matrix synthesis,
calcification, angiogenesis, and so on.”® As time goes on, the plaque may partially
or totally block the blood flow thus reducing the oxygen supply in the heart, brain,
pelvis, legs, arms or kidneys. CVD causes 17.9 million death worldwide every year,
which makes CVD the largest contributor to global mortality.' CVD is also the
leading cause of mobidity and mortality among people with diabetes. High blood
glucose levels over a long period can damage blood vessels by releasing oxygen
free radicals, glycation, inactivation of proteins within vascular cells, and
stimulating endothelial cell apoptosis.”’?’ In high- and middle- income countries,
14.8% to 40.5% of the middle-aged population with diabetes develops some kind of
CVD eventually.’® There is a lack of data showing the development of CVD
complications among people with diabetes in low-income countries. However, CVD
is expected to cause more deaths in developing countries.”!
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From Reaven’s hypothesis to cardiometabolic risk

The comorbidity of diabetes and cardiovascular disease has been known for more
than a century.”” The underlying mechanisms on how T2DM and cardiovascular
complications are connected have been vigorously debated and are controversial. In
Gerald Reaven’s Banting lecture in 1988, he highlighted the central role of insulin
resistance in the pathology of T2DM, hypertension and CHD.* He also suggested
that insulin resistance causes a cluster of clinical abnormalities including
hyperinsulinemia, impaired glucose tolerance, decreased HDL-C and increased
triglyceride levels. Reaven described this cluster of abnormalities as ‘Syndrome X’
which tends to increase the risk of both T2DM and CVD.** A range of methods for
quantifying insulin sensitivity have been developed and validated since then, with
various advantages and limitations.* The gold standard method for assessing insulin
sensitivity is the hyperinsulinemic-euglycemic clamp, but this is an invasive, costly
and time-consuming method, that is not feasible in large research studies or in
clinical practice. Other intermediate methods exist, some of which have been
applied in epidemiological settings. Recognizing the importance of insulin
resistance as a central feature of dysmetabolism, the concept of ‘Metabolic
Syndrome’ (MetS) was developed and has been used extensively in research and
clinical practice.*>*® The initial aims of this concept were to bridge the field of
diabetology and cardiology and to assist clinicians to treat its components and
initiate preventive measures before the onset of cardiometabolic diseases. The key
components of MetS are almost the same in different definitions, including obesity,
glucose intolerance, dyslipidaemia, blood pressure, proinflammatory state and
prothrombotic state, but they differ in details and criterion.*®

Using the Medical Subject Heading (MeSH) term “Metabolic Syndrome” to search
the related literature in PubMed since Reaven’s Banting lecture was published, ~
22,500 research articles can be identified (in humans). Several studies have shown
that MetS, characterized by US National Cholesterol Education Programme Adult
Treatment Panel III (NCEP ATP VIII) criteria, is associated with 1.5- to 2-fold
increased risk of CVD and 3- to 5-fold increased risk of T2DM.** Of note,
however, the value of MetS in clinical practice remains controversial. Kahn et a/
argued that the construct of MetS does not give a better prediction of future diabetes
or CVD than its individual components.** A study conducted by Wilson et al
showed that fasting plasma glucose is a far better single predictor of diabetes than
the combination of other MetS components, and there was no striking difference in
predicting CVD when including 1, 3 or 5 MetS components.”® Another concern
raised by Kahn and others is that no specific treatment for MetS exists and treatment
of metabolic abnormalities is still based on its component parts.* Kahn proposed
the concept of ‘cardiometabolic risk’ to describe factors that predict CVD and
diabetes mellitus which has been widely accepted by the medical research

18



community.*> As shown in Figure 1, cardiometabolic risk is similar to MetS but with
a much broader meaning. Lifestyle factors such as smoking or physical inactivity
are also included. Unlike the definition of MetS, cardiometabolic risk includes
people with diagnosed chronic disease as well. Other, newly emerged
cardiometabolic risk factors include inflammation and hypercoagulation. These
cardiometabolic risk factors are interlinked and sometimes bidirectionally
associated with one another. Treatment of modifiable cardiometabolic factors has
shown to be an effective way to reduce CVD-related mortality.*°

Overweight or obesity

Genetics Age Abnormal lipid
C\A l KO l metabolism

Insulin resistance o)
Y . ? / -LDLT
Insulin resistance syndrome T A « ApoBT
| | | <HDL!
T LIpIdS TBP  TGlucose . TrigyceridesT

_— Cardiometabolic risk

= Global diabetes or CVD risk

Age, race, sex,
Smoking, physical inactivity, \ family history
unhealthy eating /

O
V\ Inflammation,
Hypertension / hypercoagulation 5
O

Figure 1. Factors contributing to diabetes mellitus and CVD.
BP: blood pressure; LDL: low-density lipoprotein; Apo B: apolipoprotein B; HDL: high-density lipoprotein. Ref: Kahn R.
Metabolic syndrome is it a syndrome? Does it matter? Circulation 2007; 115(13): 1806-10.

The cardiometabolic risk factors

Obesity

Obesity is a medical condition in which excess body fat (adipose tissue) accumulates
in the body and may impair health. In 2016, it was estimated that more than 1.9
billion adults were overweight and 650 million were obese.*” Sufficient evidence
has shown that obesity is associated with increased risk of T2DM, CVD, certain
types of cancer (endometrial, breast, colon, kidney etc.), and premature death.*® The
WHO has made obesity management the top priority for disease prevention in its
public health agenda.”” However, we need to be aware of the fact that about 30% of
overweight or obese individuals do not develop diabetes or other metabolic
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diseases.™ It is also noteworthy that fat distribution is more important than the total
quantity of fat: subcutaneous fat accounts for 80-90% of total body fat and it is
mainly stored in the abdominal, subscapular, and femoral areas; about 5-20% of
total fat is stored surrounding the intra-abdominal organs, mainly in the mesentery
and omentum, and this part of the adipose tissue is termed visceral fat.’' Compared
with subcutaneous fat, visceral fat is considered more pathogenic. It releases fatty
acids, inflammatory agents, and hormones that ultimately lead to higher LDL-C,
triglycerides, blood glucose, and blood pressure.” Fox et al conducted regression
analyses to compare the effects of visceral and subcutaneous fat on multiple
metabolic risk factors in 3,000 individuals of the Framingham Heart Study.*® Both
visceral and subcutaneous fat showed association with continuous metabolic factors
(e.g. blood lipids, systolic- and diastolic- blood pressure, fasting glucose) and
dichotomous risk factors (e.g. diabetes, MetS). Notably, the magnitude of
association with all risk factors was consistently stronger for visceral fat.>®

In clinical practice and large epidemiological studies, BMI has been most frequently
used as a surrogate measure of adiposity. It is calculated as a person’s weight in
kilograms divided by the square of the height in meters. Because calculation only
requires weight and height, BMI is an inexpensive and easy-to-perform
measurement and can be standardized across different populations.>® Table 1 shows
the WHO classification of different BMI groups among adults (age >18 years) based
on its association with mortality. Obesity is defined as BMI >30 kg/m?.* Mokdad
et al investigated the association between obesity, and diabetes and other health risk
factors; they found that adults with BMI over 40 kg/m* have substantially higher
risk of diabetes (odds ratio [OR]: 6.39-8.50), high blood pressure (OR: 5.67-7.17),
high cholesterol level (OR: 1.67-2.13) compared with normal weight participants.>

Table 1 Classification of adults according to BMI proposed by a WHO expert committee

WHO Classification BMI Population description
Underweight <18.5 Thin

Normal range 18.5-24.9 ‘Healthy’, ‘normal’,’acceptable’
Overweight 25.0-29.9 Pre-obese

Obesity class | 30.0-34.9 Moderate obese

Obesity class |l 35.0-39.9 Severe obese

Obesity class Il =40.0 Very severe obese

Note: The criteria for obesity is different for Asians. For people with the same age, sex, and BMI, Asians tend to have a
higher percentage of body fat and a higher risk to develop inverse health consequence than Caucasians.? In a later
report, a WHO expert committee suggested the cut-off point for overweight in Asians to be 23 kg/m2 and for obesity to
be 27.5 kg/m2.57

Alternative methods such as waist circumference, waist:hip ratio, and skinfold
thickness can also be applied for estimating body fatness. Waist circumference and

waist:hip ratio, which are strong indicators of abdominal adiposity, have been
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suggested to be superior to BMI in predicting CVD risk and mortality in recent
studies.’®® Skinfold thickness estimates the subcutaneous fat deposit at different
locations. With recent technological developments, several commercialized body
fat analysers have been developed. Computed tomography (CT) and magnetic
resonance imaging (MRI) have shown to effectively distinguish subcutaneous and
visceral adipose tissue.’' Dual-energy X-ray absorptiometry (DXA) applies the X-
ray technology to measure the bone mineral density and can be also used to measure
body composition with high accuracy.”” However, these technology-based
approaches are used mainly as a validation of the traditional anthropometry-based
measurements or in small studies due to their high cost.

Dyslipidaemia

Common lipids, such as triglycerides, phospholipids, cholesterol and cholesterol
esters, are minimally soluble in aqueous media. Cholesteryl esters, a group of lipids
formed by an ester bond formed between a long chain fatty acid and the hydroxyl
group of a cholesterol molecule, are the predominant form of cholesterol transport
and storage. Cholesteryl esters and triglycerides bind to a various type of
apolipoproteins to form complex lipid-protein capsules, termed as lipoproteins,
which can travel freely in the blood and tissue fluid. For lipoproteins, the greater
their protein:lipid ratio, the higher their density and the smaller their size and vice
versa. Chylomicrons, very low-density lipoproteins (VLDLs) and intermediate-
density lipoproteins (IDLs) are larger in size and contain mainly triglycerides and
within their core. LDLs and HDLs are relatively smaller and contain mainly
cholesterol.*®

Dyslipidaemia is a disorder of lipoprotein metabolism. In most circumstances, for
each lipoprotein classes, particle numbers are highly correlated with the
concentrations of the lipids they cumulatively carry.®* Therefore, plasma levels of
HDL-C and LDL-C can be used as surrogate estimates of HDL and LDL
concentrations. In the context of cardiometabolic risk, dyslipidaemia is most often
manifested by elevated levels of total cholesterol, LDL-C and/or triglycerides, and
decreased levels of HDL-C in blood. Ample evidence has demonstrated that
elevated LDL-C is the primary risk factor for atherosclerosis.® LDL particles invade
and accumulate in the artery walls following endothelium dysfunction.® Then LDL
undergoes a series of oxidation and enzymatic reaction facilitating the
internalization of LDL particles by macrophages.®’ Over time, the macrophages
become cholesterol-laden foam cells and accumulate in the artery wall (intima) and
form a plaque. At the same time, SMCs proliferate and migrate from the tunica
media into the intima. The SMCs contributes to the formation of a firm, fibrous cap
covering the plaque. As the fibrous cap grows, it can eventually rupture, releasing
the plaque into the blood stream, thereby forming a blood clot.®® Consistent
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epidemiological studies have identified HDL particles as cardioprotective. To be
precise, HDL participates in both atherogenic and atheroprotective processes. HDL
particles remove nonesterified cholesterol from the lipid-laden macrophages back
to the liver, which is thought as the main HDL mechanism of protection. However,
HDLs can lose their protective capabilities during inflammation. In this case, the
high level of dysfunctional HDLs is associated with an increased risk of CVD.
Another possible mechanism of HDL being atherogenic is due to the oxidation of
its major protein component apolipoprotein Al (apoA1).®” The mechanism of how
triglycerides influence cardiovascular health is not fully understood, however it is
generally accepted that a high concentration of blood triglycerides directly leads to
the enrichment of triglycerides in LDL and HDL particles. Experimental studies
suggested that triglyceride-rich HDL particles may lose their function, and
triglyceride enriched LDLs show an increased atherogenic property.”’

Insulin resistance

Insulin resistance is a condition in which insulin-mediated glucose disposal from
blood into muscle and other tissues is impaired. Just as T2DM and CVD, insulin
resistance is a heterogenous metabolic disorder. Multiple mechanisms that may
cause insulin resistance have been proposed, of which obesity-induced
inflammation has been considered to play a key role.’ In the short term, the pancreas
can fight against insulin resistance by releasing more insulin to compensate the
attenuated effects of insulin and maintain a normal glucose level.”' However, this
compensation eventually reaches a point where no matter how much insulin is
released, blood glucose is constantly above the threshold of prediabetes which in
the end may lead to the development of diabetes.” In the clinic, fasting glucose and
oral glucose tolerance tests (OGTT) are often used to diagnose prediabetes and
diabetes. Fasting glucose is measured after an overnight fast. For OGTT, the
participants are requested to fast for 8-12 hours prior to the test. Then glucose is
measured before and after 2 hours of a 75g oral glucose load is administered.
WHO/IDF defines diabetes as a fasting glucose level >7.0 mmol/L or 2h-glucose
>11.1 mmol/L, impaired glucose tolerance as fasting glucose <7.0mmol/L and 2h-
glucose 7.8-11.1 mmol/L, and impaired fasting glucose as fasting plasma glucose
6.1-6.9 mmol/L, and 2-h glucose <7.8 mmol/L."”

Glucose serves as a major source of energy for all cells and organs. The circulating
glucose mainly derives from three sources: intestinal absorption from diet, release
of glucose from glycogen (glycogenolysis) and synthesis of glucose from non-
carbohydrate precursors (gluconeogenesis).” The liver plays a major role in glucose
homeostasis as it controls various pathways of glucose utilization and endogenous
glucose production. Apart from the liver, the pancreas also exerts a key role in
glucose homeostasis by secreting various digestive hormones. Insulin is secreted by
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the pancreatic B-cells in response to increased blood glucose and amino acid levels
in the postprandial state. Insulin binds to insulin receptors on many cells to promote
glucose disposal in peripheral tissues. Insulin accelerates glycogen synthesis in
muscle, adipose tissue, and liver. Meanwhile, insulin inhibits glucagon secretion
from islet a-cells to stop the liver from producing glucose through glycogenolysis
and gluconeogenesis. Insulin can also act on lipid and protein metabolism, for
example, insulin reduce lipolysis in adipose tissue, increase uptake of triglycerides
by adipose tissue and muscle, and increase VLDL synthesis in the liver.”*”> A
second B-cell hormone called amylin acts as a complementary hormone to insulin.”®

Insulin resistance contributes to the development of CVD through several pathways.
Insulin resistance at adipocytes, working through hyperinsulinemia, enhances
hydrolysis of circulating triacylglycerol and free fatty acid influx to the liver.”” The
excess free fatty acids stabilize apolipoprotein B (apoB) production in the liver, a
major component of VLDL particles, and further causes increased hepatic VLDL
release.”® Meanwhile, impaired insulin signalling through PI3-kinase /Akt pathway,
together with reduced lipoprotein lipase activity, slows down the clearance of ApoB.
Thus, a combination of all the above factors leads to raised blood triglyceride and
VLDL levels.” Hypertension often coexists with insulin resistance. However, the
link between insulin resistance and hypertension is less apparent. Current evidence
suggests that inflammatory cytokines such as tumour necrosis factor a (TNF-a),
interleukin-6 (IL-6) and nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-«kB) control signalling of insulin through prohibiting or activating
phosphorylation of insulin receptor substrate-1 at the tyrosine residue.*® Although
limited evidence exists in humans, Zhou et al have shown in Dahl salt-sensitive rats
that inhibition of NF-xB inflammatory pathway also reduce blood pressure and
vascular inflammation,*'*? indicating insulin resistance may be associated with
hypertension through inflammation. Another possible link to CVD is that insulin
resistant individuals tend to have increased levels of ﬁbrinogen,83 factor VIL® and
plasminogen activator inhibitor 1 (PAI-1),* which are indispensable to blood
clotting and fibrinolysis. The Emerging Risk Factors Collaboration (ERFC)
consortium studied ~25,000 individuals from 52 cohorts and found that adding
fibrinogen to the conventional CVD risk factors such as age, sex, smoking, history
of diabetes, hypertension, and total cholesterol improved the predictability of CVD
among low- and intermediate- risk populations.*® Raised factor VII activity has
shown to be independently associated with insulin resistance among CVD
patients.* PAI-1 has shown to prohibit fibrinolytic activity of plasminogen activator
and an elevated high PAI-1: plasminogen activator ratio is an early sign of CVD.%
Insulin itself may be atherogenic. Evidence has shown that impaired insulin
signalling may stimulate proatherogenic pathways in vascular SMCs.*’
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Hypertension

Hypertension, also known as “high blood pressure”, is a chronic condition in which
blood pressure is persistently elevated. In the circulation, blood always flows from
the region with higher pressure to the one with lower pressure. As the blood moves,
it keeps pushing against the side of blood vessels. Blood pressure is the force per
unit area exerted by circulating blood on the wall of arteries. Two kinds of blood
pressure are quantified in millimetres of mercury (mmHg): systolic and diastolic
blood pressure. Systolic blood pressure refers to the peak arterial pressure reached
during the ventricular contraction. Diastolic blood pressure refers to the minimal
arterial pressure just before the ventricular contraction begins. Normally, in absence
of disease, the two types of blood pressure go hand-in-hand and rise and fall for
equal proportion. WHO defines hypertension as a systolic blood pressure >140
mmHg and/or a diastolic blood pressure >90 mmHg.* This definition is based on
the assumption that people with blood pressures above these levels are at increased
risk of atherogenic CVDs, kidney disease, microvascular complications and
premature death.*?° Globally, hypertension causes 45% of deaths among heart
disease patients and 51% of deaths among stroke patients.”’

There is a complex interrelation amongst insulin resistance, hypertension, and
diabetes. Approximately 25-47% of people with hypertension have developed
insulin resistance or diabetes.”® Treatment of blood pressure with antihypertensive
drugs is often accompanied with improved insulin resistance.”” Conversely,
metformin, as the first line of antidiabetic drugs, can lower blood pressure among a
non-diabetic hypertensive population.'® Insulin regulates blood pressure during
hyperinsulinemia by stimulating nitric oxide release in the endothelium.'®" Insulin
resistance can increase blood volume by inducing sodium and potassium imbalance,
or cause vasoconstriction by controlling calcium and magnesium imbalance.'®?
Hypertension can damage the cardiovascular system and kidney slowly without a
noticeable symptom.

Search for the genetic factors affecting cardiometabolic
risk

Cardiometabolic risk is heritable

During the past few decades, multiple lines of evidence have shown a significan