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Insulin resistance (IR), a metabolic risk factor, is linked to the pathogenetic mechanism

predict and stratify the added cardiovascular risk, institute appropriate IR manage-

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 p-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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sive community.

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.! Due to the importance
of IR, early IR identification is of great value in stratifying CV risk,

future development of cardiovascular disease,?”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.% 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.’* 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 128,

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

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-

changes after combination, altered $3-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.

e 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.®2%??

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.

e 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.>>78

e 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
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is a relatively crude measure of glucose tolerance and does

not measure the components of insulin sensitivity and insulin

secretion.>>78

e 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.

e 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/m?/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.® 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.>>’”

e 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

e 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.>58

Rapid insulin sensitivity test (RIST): This method for quantifying
insulin sensitivity was first described by Patarrao et al (2014).°
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

e 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.>®

Homeostasis model assessment of IR index (HOMA-IR index) is
calculated by the formula HOMA-IR = [glucose (mmol/L) x insulin
(LU/L)1/22.5.22 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).>®

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 x fast-
ing plasma insulin (LU/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.® Another related HOMA
beta cells index that is HOMA  cell index with the help of HOMA
model correlated equally with HIEC method. It is calculated by
the equation: 20 x fasting plasma insulin (uU/ml)/ fasting plasma
glucose (mmol/L) - 3.38

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(uU/ml) + Log Glucose (mg/dl)], the cut-off

limit being the highest quartile of the control group.*¢®



533

WILEY

MINH ET AL.

"92UJ3JWNDUID ISIEM ‘DN $159)
92uUe.3|03 9502N)3 [eJo ‘] | HO ‘AydouisadAy JejndLiuan Ya| ‘HAT 9oue)sIsal uljnsul ‘Y| 9s0on|38 Suljsey padiedwi ‘D4 tuoisualiadAy ‘N H ‘92UB3SISaU UINSUI — JUBWASSISSE [9POW SISEIS0aWoY “Y|-VINOH
‘dwe)d 21wadA|3na o1wauulnsuadAy ‘O3 |H ‘pradad d13auniijeu uieaq ‘dNg Xxapul ssew Apoq ‘|IAg ‘p1adad d13auniijeu jelje ‘dNYV 8uliojiuow aunssald poo|q Alojeinquie unoy 7 ‘INd gV :Suolieinaiqqy

uol3lINu Jspun
931dsap s3d aAlsuajadAy
ul ¥| JO 91e)S B Sem alay |

Al yim Yam sjusized sjew
NLH [B13U3sS3 Ul Jays1y s! ] diysuoijejal juediiusis pue aAijIsod [eljuassy NLH YHM sSjew 3npe ul | 3y} 9AI9sqo o] G/ ‘s323[qns sjew OGT UI-VINOH g usepejdueg
(Apnas Buljqis ¥
¥ NL1H ul weiSoud
Jyloed uelsy
saljlwey pJojuels) |0J3uod
N.LH 9sauedef gasauiy) ul sal|lwey dAIsuUalIadAyY asaueder 688 ‘uoisuaiadAy
S|geliay 3 aanjeu ul [eljiwey st y| 13 952UIYD Ul Y] Jo AYljigeiiiay pue Suliaisn|d yum sjuaired £48 dI-VINOH ,pUEMIEL
¥9-0v
pase ‘(S ul uswom
TEG ‘UsBW 69 2| Ul
NLH [e1uassa NLH SAlsusjow.ou USWOM TG ‘usw
asauedef Suowe 3sIxa Y| Ul %€°9T PUB NLH [BI3USSSS Ul %1°GY SEM Y| N.LH 9sauedef ul ¥| Jo 91€3s 33 [eaAdY G/¥) $323[ans 9661 D3IH ‘(enIeA-I) 1dl opueder
Jaddipuou
ssa20.d 959y} pue yaddip :sdnoJ3
ul 9|04 Ay e Aejd Aew y| pue Z Ul papIAIp
dNg ‘HA1 031 paiejal Ajpso)d siaddipuou ul Jay3iy NLH Jaddipuou uoisualiadAy HA1 ‘dNg ANV
[Ie} g |eusnidou paysiuiwiqg 9JaM X3pul YINOH pue uljnsul ‘2s0an|8 Suiysed Jo A3ojol3a y3im Y| Jo uoirejal ayy Apmg yum sjuaized g0T ‘INdEV UI-VNOH grueder
dI-VINOH 8uipJiodoe
‘usw VINOH Yim sdnoJs ¢ ul papiAlp
asaueder page-a|pplw Ul NLH paje[a.10d dg ‘(¥1-VYINOH 359Y31Y) %T'62 (000Z 03 £66T Woly) sJesA 8G-0¢ yrAPMIS
3unoipaid ul | Jo 9joJ Juepiodu] Pue ‘%}'ST %/ TT Ul punoj uoisualtadAH uolsualadAy 4o Y| 2y} uoidipald ayz Apnis ‘s309[qns OTE dI-VYINOH 013y ueder
AjPA1adsal ‘|NQ 9 ‘9ouess|o}
uolsualiadAy Jo souasaud 9502N|3 paJledwi pue 94| ‘92uels|0} 9s0oN|3 wsljogejaw
9Y3 03 5103NQqLIU0D Juedliulis paJiedwi paje|os! ‘4| pa1e|os! Ul %8/€9 9500n|3 paJiedw Jo
aJe ejwaulnsuliadAy pue ‘%¢°8G ‘%8°0S ‘%T°0S 01 ‘@500n|3 s93e1S JUaJIaIp Y1m
pue ejwadA|349dAH  |EWIOU Ul %E°9E WO 9Seadul N1H 40 91ed sy uolsualiadAy pue y| jo diysuolje|as sy sjuedidiyied 997 4T HI-VINOH ‘O4I crueder
synpe eyl
ul s1012e1 %S gAD Pa123|as Sysu uswom
Ym pajerdosse AjAnisod | "Y1 9ABY USWOM 9%G°TT ‘USW %T°'GZ  dAD Pale|a] pue Y| Jo adus|erasd ay3 ajewisy 066 pue usw /g¢ dI-VINOH z1PUelleYyl
AJ19AdS N1H (s]043u0d Ayjjesy
uolsualiadAy Jo 3osuo UM ulnsul Jo aseaudul juediyiudis Ajydiy 0€ ‘uoisuaiiadAy
ay3 uo elwaulnsuadAy ‘|043U02 3Y3 Ul 3soyy ueyy erwapidisAp ‘DM uolsualJadAy |e13uassa ul elwaulnsuliadAy yjm sjuaijed elwapldi|sAp ‘DM
Jo sjos d1uadoyied a|qissod ‘NG ‘[2A3] uljnsul 3ullsey Jo aseaudul Juediiudis Jo 9j0J d1uadoyjed ay3 aiojdx3 0€) 21Wa2A13n2 09 ‘|IAG ‘ulnsu| Suijseq 1z¥dAZ3
uoisnpuo) sj|nsay swiy  sjuedidijied jo JaquinN JusWSsasse Anuno)
JO POYIsN
elsy ul uoisualuadAy pue aduelsisal ulnsul z 379V.L

uoisualiadAy
yam sjuaized ayy urysiy atam 1190
J91J€e sunoy ¢ pue 3uijsey je uinsul ewse|d

NLH
Y3IM S}NpEe 9SaWeulalA Ul | 3Y3 9AI9SqO 0]

s1edA Ot < 93e

‘suostad |043u0d 9¢

pue uoisualiadAy
yam suaited gOT

uolsualiadAy

1190 19ye
 alojaq asodn|3
‘a8esop ulnsu|

ozeTHEURIA



MINH ET AL.

*92UDIJWINDUID ISIEM -XdPUl 9500N|3 PIIDdA[SII} ‘DM -DAL S921pul 9500N|3 9p14adA|S14)
‘SHA] xapul ssew Apoq -xapul 9502N|3 pLIRJA|3L] ‘|ING-DAL Xapul 9500N|3 pLIDdA|31]} ‘DA] ‘o1jed JyS1ay 0] 1S1eM-9pLI9dAI3L] “YHIM-D1 DWOIPUAS dljogeiaw ‘Gl ‘uoisualiadAy ‘N1 H @ouelsisal ulnsul
~ JUSWISSSISSE [9poW SISe3soawoy “Y|-VINOH ‘dn-moj||o4 ‘N4 9Seasip JejndseAolpied ‘QAD ‘1ejnaseaolpled ‘AD ‘AydeiSowoy paziiaindwod ‘| D) (A3D0|9A aAnem as|nd apyue-jelydelq ‘AMdE(] :Suolieinaiqqy

WILEY

534

SIN UM sjuaized ay3 Ul y| (0€°6-12°T ‘%56 12) 29€°€ *¥O (100" > d Y| ursadipul SIedA HT F 619
Sululyep 03 pasn aq ued sOAL ‘887" = 4) ¥I-VINOH Y3M pa3e|a1iod sOA] SOAL 3y} a3enjens ‘s3d awo.puAs dljogelaw 69 YI-VWOH ‘sOAL (e WeuIaIA
$10308J 3SII AD
$950U3)S AJBU0.I0D ‘9A] 19y31y pey pue HA| usamiaq
40 3s14 y3iy Aj1auapl pue SWOJPUAS Aleuolod ym sjuaijed ay | uolje|posse Aydea3o13uy
J93iew Y| ue oq Aew DAL (TOO" > d) YI-VINOH YHM paiea1i0d DAL a3 esnsanu| sd oi3aqelp g 9dA) 99T 1D “YI-VINOH ‘DAL g WEUISIA
SS9UYJIIS [eLa)e
SSaUINS 100" >d yum diysuoirejas avD jo Aoysiy
[e1I91e YHM pajeidosse DAL “YZT =4 AMdBJ YHM 918]9110d Xapul HA| ay3 9jen|eay e Jnoyum suostad 096z AMdE] ‘Xapul DAL ,68910)

“YIHM-DAL 104

s3un3as (€9°£T-€5°2T) 98'%T pue ‘DM-DAL 1oy
[e21ul[2 Ul uondIpa.d Y| (8€°6T-0L°ET) 6T°9T ‘ING-DAL 404 (OT'ST siojoweled
Jo4 s1seweled Jayjo -68°'0T) ¢8'CT ‘DAL 104 (£8°8-25°9) 9T paje|as pue 0T02-£00¢ AsAing uo sgUoleUILEXT UOLIANN

03 Jouadns sem [INg-DAL

9134enb yjim asedwod § a|134enb Jo sYO

xapu| HA] asedwo)

(usw £/ /) s¥22[ans 64T TT

¥I-VINOH ‘DAL sis3aweded 1

pue yj|eaH [euoljeN ueaioy|

100" >d
Y| ssosse ‘700" = 4 ‘DAL pue Y|-VINOH UsaM1aq dI-VINOH
J10J 9]qIssadde ‘|njasn DAL diysuolrejal e sem audayl ‘%T9 DAL ‘% ¥l yum oA asedwo) suosiad 9s9qo 19 HI-VINOH Xapul DAL Ul
uolsualiadAy
‘NLH S2USPPUINIH juspout sy
juapIdul ay3 321paJd ued HA| 4O SI4 pasealdul yum pajeidosse HA1 ysiy 91e813S9AUl O] N4 SJeakh g ‘s323lqns 989+ oAl »gBUIUD
‘sjuaned
dv> ul sswodino (S00"=d‘T69'T-00T'T 1D %56 Xapul A1 Jo anjea suosiad GezZ 1T
3unoipasd agAew HA] ‘YT ¥H) SIUSAS AD YlIm pajerdosse DAL sisoudoud syj a1enjeal N4 ‘syuaned AQvd Sv/°E AL 2BUIUD
uolsualsadAy-aud
"Apuesijiusis YHm sDA] Jo
s3d NLHa4d 8saqgo-uou ul alow DM-DAL ‘IING-DAL Ajuo Inq uoleloosse NL1H YHIM-91 ‘DOM-DAL
9|qIssa22e 3 JYSIW [ING-DAL  ‘S|ENPIAIPUI DAISUS)EWIOU UBY) JBYSIY SDAL ay3 23e313sanu| INoyyIm synpe ues| 00 SOT ‘ING-DAL xapul DAL :sDAL 62BUUD
SUEVE] N4 sieak g
AAD PIpaad ySiw xapul OA]  J93je gAD Sulaey seaA-suosiad 000T/10°2C AAD Jo uswdojanag sieaA 09 < suosiad /09 xapul DAL it}
uoisn|puo) sjnsay swiy sjuedidiyied jo JaquinN JUDWIDSSISSE JO POYIDN Anuno)

uolje|ndod uelsy ul Y| Suipen|eAs ul sadIpul HAl € 379V.L



MINH ET AL.

Wi LEYJﬂ

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.®
e 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 (mlU/1) concentrations in fasting state and during
OGTT.#%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.*

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 canin 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 Il, 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.”?

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.**

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 disorders'® or hypertension***¢ have
shown that hyperinsulinemia plays a significant role in the presence
of hypertension. In addition, other studies from Egypt,?* Thailand,*?
Taiwan,17 Bangladesh,18 Vietnam!?2° 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) x glucose
(mg/dl)/2]. TyG-BMl is calculated by the formula TyG index x BMI.
TyG-WC index is calculated by the formula TyG index x WC.??2* 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.?® Vasques et al (2011) have also showed that the TyG index is
more valuable than the HOMA-IR index in assessing IR in Brazil.®
Er et al (2016) concluded that the triglyceride-glucose-body mass
index is a simple and effective method for early assessment of IR.2
The Triglyceride-Glucose Indices (TyGs) have been shown to replace
HOMA-IR in IR diagnosis by many studies.?426333536 gince 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.>13234

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-BMlI
and TyG-WC and has been recognized as a simple, effective, and
clinically useful marker for IR dia\gnosis.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.?3242¢ 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, 222430

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.?/2732343637 |y 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.3* Other
centers in the Asian region also examined the TyG index in clinical

3841 and also exam-

29,37,39

practice although in a small number of patients,
ined the role of TyG index in the patients with hypertension.
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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