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Abstract
Insulin resistance (IR), a metabolic risk factor, is linked to the pathogenetic mechanism 
of primary hypertension. Detecting IR in the patients with hypertension will help to 
predict and stratify the added cardiovascular risk, institute appropriate IR manage-
ment, and manage hypertension optimally. There are many methods for assessing 
IR, each with distinct advantages and disadvantages. The euglycemic insulin clamp 
and intravenous glucose tolerance test, gold standards for measuring IR, are used in 
research but not in clinical practice. Homeostatic model assessment (HOMA-IR), a 
method for assessing β-cell function and IR, is frequently applied presently, particu-
larly in Asia. Besides, the triglyceride–glucose index (TyG) first published by South 
American authors showed a good correlation with the insulin clamp technique and 
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Hypertension causes serious complications such as stroke, heart 
failure, coronary heart failure, and kidney failure. It is also associ-
ated with several other metabolic disorders such as hyperglycemia 
and dyslipidemia. Moreover, obesity and insulin resistance (IR) are 
now common in the patients with primary hypertension, leading to a 
further increase in cardiovascular (CV) morbidity and mortality. IR is 
associated with a decrease in the sensitivity of muscle and adipose 
tissue to insulin, a reduction in the ability to produce glucose, and 
an increase in fat production in the liver.1 Due to the importance 
of IR, early IR identification is of great value in stratifying CV risk, 
future development of cardiovascular disease,27,31,32 and progno-
sis. Currently, there are many methods to assess IR: the most com-
monly used being the Homeostatic model assessment (HOMA-IR). 
Recently, several studies in the world have shown a relationship 
between triglyceride and glucose, hence, indices such as triglycer-
ide-glucose index (TyG), triglyceride-body mass index (TyG-BMI), 
and triglyceride-waist circumference index (TyG-WC) have been 
used to assess IR.36 It can be easily used to screen for IR in high-risk 
individuals with hypertension prone to develop diabetes. It is also 
suitable in clinical practice as an alternative IR marker.

1  |  INSULIN RESISTANCE

Insulin resistance is a condition in which insulin produces worse 
biological response than usual. In 1960, Yalow and Berson, with the 
introduction of radioimmunoassay, stated that "Insulin resistance 
is a common increase in the dose of insulin to maintain a normal 
response." In 1923, Kylin combined hypertension, hyperglycemia, 
and gout into a syndrome and over time, this syndrome changed to 
being called metabolic syndrome, IR syndrome, or polymetabolic 
syndrome. In 1988, Gerald Reaven named the syndrome X and con-
sidered it a background factor in CV disease.11 In 1998, the World 
Health Organization (WHO) gave a unified definition as "Considered 
insulin resistance when the HOMA index is greater than the highest 
quartile in the control group".1,2,11,13,23

1.1  |  Pathogenesis of insulin resistance

IR pathogenesis is broadly divided into two types: genetic or ac-
quired IR 1,2,8:

•	 Genetic IR where there is an alteration in insulin receptors, signal 

changes after combination, altered β3-Adrenergic receptors. It 
includes genetic or primary target cell defects, autoantibodies to 
insulin, and accelerated insulin degradation.  Mitochondrial dys-
function may also play an important role in the development of IR 
and associated complications.

•	 Acquired IR is when there is an increase in the levels of anti-reg-
ulation, drug-induced hormones, glucose intoxication, glutamine 
enzyme, glucose transporter defect (GLUT-4), lipid toxicity (cy-
tokines and hormones from fat cells), decrease in insulin secre-
tion rate, and hormone activity in tissue. Acquired IR is usually a 
result of obesity, inactivity, aging, and certain medical conditions 
or medications that counteract insulin activity. Also, secondary IR 
is observed in hyperthyroidism, Cushing's syndrome, acromegaly, 
trauma, burns, and stress. The role of infection and inflammation 
is currently of interest because the inflammatory mechanism can 
impair insulin activity and may explain the IR that can occur in 
non-obese individuals.8,20,29

1.2  |  Methods for assessing insulin resistance

Currently, there is no specific method to accurately assess IR. Several 
different methods and indicators are used for IR evaluation, some of 
which are frequently used in Asia for IR assessment (Table 1).

1.2.1  |  Endogenous methods or indirect measures

These are the methods of assessing endogenous insulin activity in 
combination with the introduction of glucose into the body.

•	 Baseline fasting insulin measurement: A simple and widely used 
method for determining IR where fasting insulin concentration is 
measured and quantified. In epidemiological studies, fasting in-
sulin concentration is commonly used as a surrogate IR marker. 
In normoglycemic subjects, fasting insulin correlated well with 
whole-body glucose uptake as measured by the “gold standard” 
euglycemic hyperinsulinemic clamp method, although the cor-
relation was less in individuals with impaired glucose tolerance or 
type 2 diabetes mellitus.3,5,7,8

•	 Oral glucose tolerance test (OGTT): The tolerance test quanti-
fies fasting plasma glucose and glucose level after an oral glu-
cose load. Briefly, after an overnight fast, the fasting plasma 
glucose level is measured, followed by remeasuring the plasma 
glucose level after drinking a 75 g glucose solution. The OGTT 

HOMA-IR index. This simple, convenient, and low-cost TyG index is of research inter-
est in many countries in Asia and can be used to screen for IR in the Asian hyperten-
sive community.
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is a relatively crude measure of glucose tolerance and does 
not measure the components of insulin sensitivity and insulin 
secretion.3,5,7,8

•	 Minimal model analysis of frequently sampled intravenous glu-
cose tolerance test (FSIVGTT) is a method developed by Bergman 
et al (1979) based on the glucose and insulin levels measured 
during a frequently sampled IV glucose tolerance test. Recently, a 
modified FSIVGTT used insulin infusion in conjunction with intra-
venous glucose.3,5,7,8

1.2.2  |  Exogenous methods or direct measures

This is a method for assessing the blood glucose response to a given 
amount of externally administered insulin.

•	 Hyperinsulinemia euglycemic clamp (HIEC): The technique of "in-
sulin clamp" was first introduced by De Fronzo in 1979 and till 
date, remains the "gold standard" to assess IR. After an overnight 
fast, 5-120 mU/m2/min insulin is infused intravenously at a con-
stant rate (hyperinsulinemic) and the blood glucose level is mon-
itored at 5-10 minutes interval, while 20% dextrose is given IV at 
a variable rate in order to “clamp” blood glucose concentration in 
the normal range (euglycemic). After several hours of constant in-
sulin infusion, steady-state conditions can be achieved for plasma 
insulin, blood glucose, and the glucose infusion rate.3 The glucose 
infusion rate for the last 30 minutes of the test, known as “steady-
state,” will determine IR. This is an intrusive technique and quite 
complex. The main limitations of the HIEC are that it is time-con-
suming, labor-intensive, expensive, and requires an experienced 
operator to manage the technical difficulties. Moreover, the clamp 
utilizes steady-state insulin levels that may be supraphysiological. 
This results in a reversal of the normal portal to the peripheral in-
sulin gradient. Thus, the glucose clamp may not accurately reflect 
insulin action and glucose dynamics under physiological condi-
tions that a dynamic test, such as an oral meal or oral glucose load 
may determine.3,5,7

•	 Insulin tolerance test (ITT): Bonara developed this method with 
some improvements to overcome the disadvantages of HIEC. 
The procedure takes only 15 minutes and blood glucose is mea-
sured. Insulin is injected intravenously and the blood glucose is 
measured and quantified. The advantages of the ITT include its 
simplicity, speed, and the use of a bolus injection of insulin, which 
mimics the physiological pulsatile release of insulin, instead of a 
continuous infusion. Moreover, postprandial glucose tolerance is 
dependent on insulin sensitivity and the postprandial insulin sen-
sitivity measurement is consistent with physiological phenomena. 
Some disadvantages of this method include the excess physiolog-
ical insulin used and that the test does not distinguish between 
peripheral IR and IR in the liver. This method is simple but has the 
potential to cause hypoglycemia, so it is rarely used currently.3,5,8

•	 Insulin suppression test (IST): This direct method of measuring 
IR, introduced by Shen et al (1970), was modified by Harano et al 

(1978). In this method, the patients receive somatostatin simul-
taneously with insulin and glucose. It is less labor-intensive and 
less technically demanding than HIEC. However, this method is 
rarely used in large epidemiological studies or in the clinical care 
setting because IST causes side effects similar to those described 
for HIEC.3,5,8

•	 Rapid insulin sensitivity test (RIST): This method for quantifying 
insulin sensitivity was first described by Patarrao et al (2014).5 
The RIST is a euglycemic test carried out after establishing the 
glycemic baseline, which is done by measuring the postprandial 
blood glucose level of arterialized venous blood samples at 5 min-
utes intervals until three consecutive measurements are stable. 
The RIST index, the insulin sensitivity parameter, is simply the 
amount of glucose that was administered to maintain euglycemia 
after the bolus administration of insulin to mimic pulsatile insulin 
release for avoiding hypoglycemia. The RIST is a quick method, 
reproducible in the same subject and on the same day, and can be 
performed in the fed or fasting state.

1.2.3  |  Indicators or surrogate markers for assessing 
insulin resistance

•	 Glucose/insulin ratio (G/I): Insulin and glucose are present in the 
blood certain proportions. High insulin levels in a person with nor-
mal blood glucose levels indicate insulin resistance. High insulin 
levels have a prognostic value for the risk of type 2 diabetes. The 
fasting glucose/insulin ratio is used in some studies as a tool to 
diagnose IR but this ratio is an imperfect indicator to assess insulin 
sensitivity.3,5

•	 Homeostasis model assessment of IR index (HOMA-IR index) is 
calculated by the formula HOMA-IR = [glucose (mmol/L) × insulin 
(µU/L)]/22.5.23 HOMA or log (HOMA) is extensively used in large 
epidemiological studies, prospective clinical trials, and research. 
In research settings where assessing insulin sensitivity/resistance 
is of secondary interest or when feasibility issues preclude the use 
of direct measurement by HIEC, it may be appropriate to use log 
(HOMA).3-8

•	 Beta-cell function evaluation index (HOMA-beta): This is used 
to assess the insulin secretory capacity of pancreatic beta cells. 
HOMA1-% beta index is calculated using the formula 20 × fast-
ing plasma insulin (µU/ml)/ fasting plasma glucose (mmol/l) − 3.5. 
HOMA-beta is a marker to diagnose the activity of the insulin se-
creted from the pancreatic beta cells.8 Another related HOMA 
beta cells index that is HOMA β cell index with the help of HOMA 
model correlated equally with HIEC method. It is calculated by 
the equation: 20 × fasting plasma insulin (µU/ml)/ fasting plasma 
glucose (mmol/L) – 3.3,8

•	 Quantitative insulin sensitivity check index (QUICKI index): This 
index is intended to assess particular insulin sensitivity in obese 
patients. The properties that are similar to HOMA-IR are QUICKI 
index = 1/ [Log Insulin(µU/ml) + Log Glucose (mg/dl)], the cut-off 
limit being the highest quartile of the control group.4,6,8
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Since IR is a highly generalized concept, its definition is not uni-
versally agreed upon and has many variations. Although there are 
many methods to assess IR, in general HOMA-IR is used as it has 
high reliability in determining IR. The major advantage of both the 
QUICKI and HOMA models is that they both require blood to be 
drawn only once from a fasted patient. Thus, they do not require 
extensive technical expertise and have a much lower cost per sub-
ject than the HIEC, making the QUICKI and HOMA models practical 
for use in large-scale epidemiological studies, and clinical situations. 
However, both of these methods fail to provide information about 
the stimulated glucose and insulin systems.

Specific indices, including the Matsuda index, Stumvoll index, 
Avignon index, oral glucose insulin sensitivity index, Gutt index, and 
Belfiore index use particular sampling protocols during the OGTT. 
These indices of whole-body insulin sensitivity derived from plasma 
glucose and insulin concentrations during OGTT reflect both muscle 
and liver sensitivity.8

•	 Matsuda–De Fronzo index: This is an insulin sensitivity index 
that reflects a composite estimate of hepatic and muscle insulin 
sensitivity. This index is calculated from plasma glucose (mg/dl) 
and insulin (mIU/l) concentrations in fasting state and during 
OGTT.4-6,8

2  |  INSULIN RESISTANCE AND 
HYPERTENSION

Insulin resistance and hypertension are the components of the met-
abolic syndrome and often coexist. Clinical studies have shown that 
a high proportion of individuals with hypertension have hyperinsu-
linemia or glucose intolerance.11

2.1  |  Pathophysiological mechanisms

Insulin enhances the adrenergic system, increasing the activity of 
the sympathetic nervous system, thus increasing blood pressure. It 
also inhibits the stimulating effect of adrenergic agonists produc-
ing prostacyclin adipose tissue, which can in turn increase peripheral 
vascular resistance and hypertension. Insulin modulates intracellu-
lar cation regulation by reducing the activity of the sodium/potas-
sium ATPase (Na+/K+ ATPase) enzymes and increasing the Na+/K+ 
pump of vascular smooth muscle cells, increasing their sensitivity to 
catecholamines and angiotensin II, and finally increasing peripheral 
resistance, causing hypertension. In addition, IR factors, including 
non-esterified fatty acids, cytokines, and adiponectin, are released 
from excess adipose tissue. These factors increase the ability of 
the vascular endothelium to affect the elasticity of blood vessels, 
causing hypertension. Besides its metabolic effects, insulin induces 
vasorelaxation by stimulating nitric oxide production in the en-
dothelium and regulates sodium homeostasis by enhancing sodium 
reabsorption in the kidney; thereby, contributing to blood pressure 
regulation.

Hence, the patients with hypertension or before the manifesta-
tion of hypertension are at risk of developing IR, which is a risk factor 
for increased CV risk. Recent studies have demonstrated that IR can 
develop in not only the classic insulin-responsive tissues, but also CV 
tissues where insulin participates in the development of CV diseases 
and hypertension.9-11

Conversely, hypertension can cause IR by altering the delivery 
of insulin and glucose to skeletal muscle cells, resulting in impaired 
glucose uptake. Hypertension and IR can be viewed as a non-causal 
association, according to the following hypotheses: 1) they may rep-
resent two independent consequences of the same metabolic dis-
order (intracellular free calcium accumulation), or 2) IR is a genetic 
marker and/or a pathogenetic mechanism of multiple metabolic ab-
normalities frequently associated with hypertension.11

2.2  |  Insulin resistance in Asian patients with 
hypertension

There are only a few studies investigating the relationship between 
hyperinsulinemia and the incidence of hypertension in Asians. Most 
studies have applied HOMA-IR, IRI (Insulin resistance Index), or in-
sulin measurements to assess IR. Several studies on Japanese pa-
tients with glucose tolerance disorders13 or hypertension14-16 have 
shown that hyperinsulinemia plays a significant role in the presence 
of hypertension. In addition, other studies from Egypt,21 Thailand,12 
Taiwan,17 Bangladesh,18 Vietnam19,20 have identified the role of IR 
in primary hypertension. Although the number of patients in these 
studies was small (Table 2).

3  |  TRIGLYCERIDE- GLUCOSE INDICES 
AND INSULIN RESISTANCE

The TyG index is calculated by the formula: Ln [TG (mg/dl) × glucose 
(mg/dl)/2]. TyG-BMI is calculated by the formula TyG index × BMI. 
TyG-WC index is calculated by the formula TyG index × WC.22-24 The 
role of fasting triglycerides and blood glucose in IR has been men-
tioned in many studies. This is explained by the metabolic products 
produced from triglyceride adipose tissue that affect the insulin sen-
sitivity of other adipose and muscle tissue, related to glucose pro-
duction in the liver (Table 3).

Although the first use of the TyG index in evaluating IR is not 
yet known, it is known to be introduced by South American ex-
perts.21,24,26,28,40 Since 2008, Simental-Mendia et al have ap-
plied the TyG index in community screening; and Guerro-Romero 
et al (2010) have compared TyG index with HIEC, the IR gold stan-
dard.28 Vasques et al (2011) have also showed that the TyG index is 
more valuable than the HOMA-IR index in assessing IR in Brazil.25 
Er et al (2016) concluded that the triglyceride-glucose-body mass 
index is a simple and effective method for early assessment of IR.23 
The Triglyceride-Glucose Indices (TyGs) have been shown to replace 
HOMA-IR in IR diagnosis by many studies.24,26,33,35,36 Since then, 
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many authors around the world, particularly in Europe and Asia, 
have conducted extensive research with TyG indicators combined 
with anthropometric indicators in predicting CV risks such as hyper-
tension, diabetes, and atherosclerosis.31,32,34

The determination of obesity and visceral adipose tissue is 
important in the evaluation of IR via the measurement of BMI 
(Body Mass Index) and WC (Waist Circumference). BMI and WC 
are easy to measure, but cannot provide a comprehensive as-
sessment of visceral adipose tissue or metabolic products of fat 
tissue. The combination of TyG and obesity evaluation using BMI 
and WC increases the strength of early IR diagnosis. TyG is an im-
portant marker in IR evaluation, and BMI and WC are two simple 
and inexpensive parameters to assess obesity and other CV risks. 
This combination is expressed through two indicators TyG-BMI 
and TyG-WC and has been recognized as a simple, effective, and 
clinically useful marker for IR diagnosis.23 Based on scientific and 
previous research findings, TyG, TyG-BMI, and TyG-WC indicators 
will comprehensively assess blood triglycerides, blood glucose, 
visceral fat, and IR, as a correlation exists between these indices 
and other IR indices like the HOMA-IR and QUICKI.23,24,26 The su-
periority of TyG, TyG-BMI, and TyG-WC compared with HOMA-IR 
and QUICKI in clinical IR diagnosis has been reported in several 
studies.22-24,30

The TyG index is a non-insulin-based index, accessible with a sin-
gle test. It is advantageous in clinical and epidemiological studies as 
it is a routine test performed in the primary care settings. However, 
it has some limitations due to the marked heterogeneity in cut-off 
values and IR definitions among studies.

3.1  |  Why TyG indices can be selected for 
screening for insulin resistance screening in Asian 
hypertensive population

In addition to the pioneering studies of South American authors, 
many studies in China and South Korea have concentrated on 
the value of the TyG index for evaluating IR in a large number of 
cases.27,29,32,34,36,37 In Rongjiong Zheng, Yushan Mao studied the 
TyG index of 4686 people for 9 years, showing the significance of 
TyG in predicting hypertension in the Chinese population.34 Other 
centers in the Asian region also examined the TyG index in clinical 
practice although in a small number of patients,38,41 and also exam-
ined the role of TyG index in the patients with hypertension.29,37,39 
All studies show the value of the TyG index when compared to the 
HOMA-IR index in assessing IR.

As mentioned, the TyG index, although still has some limita-
tions, is capable of assessing IR well. Although it originated in the 
Americas, it is well received by many Asian authors, who have con-
ducted studies using the index on the Asian population, especially 
in the patients with hypertension. Hence, in addition to the simple 
characteristics, availability, and very low-cost, the TyG index is well 
suited for developing countries to screen for IR, a metabolic risk fac-
tor, in the patients with primary hypertension.

4  |  CONCLUSION

There is an important relationship between IR and primary hyper-
tension. Identifying IR in the patients with hypertension will help to 
manage hypertension in not only in Western, but also Asian patients. 
There are many methods to identify insulin resistance, including the 
popular HOMA-IR index, the gold standard of insulin clamping tech-
nique. However, each method has certain advantages and disadvan-
tages. Hence, the TyG indices should be further evaluated. The TyG 
indices can be considered as a simple parameter, suitable for screen-
ing IR in essential hypertension, particularly in developing countries 
in Asia.
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