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Background: Hypertension is one of the most common diseases with increasing morbidity
and mortality. HTN is associated with cardiovascular risk factors such as insulin resistance
(IR) and hyperlipidemia. Recently, triglyceride-glucose (TyG) index has been proposed as
a marker for insulin resistance. Aims and Objectives: This study aimed to assess TyG
index, triglyceride to high-density lipoprotein ratio, and other lipid ratios in HTN patients.
Materials and Methods: The present study was conducted on 200 subjects and was
categorized into two groups. 100 hypertensive patients were considered as cases and 100
healthy individuals as controls. Serum sample of the subjects was used for the estimation
of total cholesterol, triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C).
Low-density lipoprotein (LDL) cholesterol was calculated. TyG index and TG/HDL ratio and
other lipid ratios were calculated. Blood pressure (BP) was recorded. Results: In this, BP,
total cholesterol, TG, LDL, Very low-density lipoprotein cholesterol, Non-HDLC, TC/HDL
ratio, TG/HDL ratio, and TyG index were increased in cases and HDL and HDL/LDL ratio
were decreased. Study parameters were positively correlated with TyG index and TG/HDL
ratio, except HDL, and HDL/LDL ratio. Conclusion: The study concludes that significantly
increased TyG index and TG/HDL ratio in hypertensive cases and their correlation with
blood pressure.
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and in rural areas 10%. It accounts for 57% of all stroke
deaths and 24% of all CHD deaths in India.*

INTRODUCTION

Hypertension is one of the most common diseases with

increasing morbidity and mortality. Hypertension is the 3~ HTN usually clustered with cardiovascular risk factors

leading cause of death and disability.! It is an independent
risk factor for coronary heart disease (CHD).* Globally,
more than 34% of males and 28% of women aged
225 years being affected by high blood pressure (BP). In
India, the prevalence of HTN among individuals aged
above 18 and 65 years was approximately 30 and 52%,
respectively.’ The prevalence in urban atea is around 25%

such as obesity, insulin resistance (IR), and hypetlipidemia.’
A few studies reported the association between IR and
HTN.®” The coexistence of IR and HTN can result in
increased risk of cardiovascular diseases (CVD) and type 2
diabetes mellitus (T2DM).® It is well established that both
glucose and lipid abnormalities are linked with HTN. In
hypertensive patients, dyslipidemia has been reported to be
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50-80%.” Similarly, T2DM and HTN are common causes of
morbidity and risk factors for CVD. IR, sympathetic nervous
system activation, and renin-angiotensin-aldosterone system
are thought to be linking pathophysiological mechanisms
of T2DM, dyslipidemia, and HTN."

Recently, triglyceride-glucose (TyG) index is gaining
importance as an substitution for IR."""* It is calculated
as: In (fasting triglycerides [TG] [mg/dl] X fasting glucose
[mg/dl])/2.” Studies have reported the association between
TyG index and HTN," arterial stiffness, and calcification of
coronary arteries.” TyG index can also predict the severity
and outcomes of coronary artery diseases.'® Association of

TyG index with T2DM has also been reported."”

However, a very few studies were conducted to assess the
association between the TyG index and HTN. Therefore,
this study aimed to assess TyG index, triglyceride to high-
density lipoprotein ratio, and other lipid ratios in HTN.

Aims and objectives

This study aimed to assess TyG index, triglyceride to high-
density lipoprotein ratio, and other lipid ratios in HTN
patients.

MATERIALS AND METHODS

This cross-sectional study was conducted in the Department
of Biochemistry in association with Department of General
Medicine, Veer Surendra Sai Institute of Medical Sciences
and Research, Sambalpur, Odisha, India. The study was
pre-approved by the Institutional Ethics Committee for
the final permission. Two hundred subjects were involved
in this study and informed consent was obtained from
all the study subjects. Study subjects were divided into
two groups. One hundred hypertensive patients were
considered as cases and 100 healthy individuals were
considered as controls. Study subjects age ranged between
25 and 55 years.

Inclusion criteria for cases and controls

Newly diagnosed hypertensives with BP >2140/90 mmHg
were included as cases and those with normal BP were
included as controls.

Exclusion criteria

Patients with renal diseases, diabetes mellitus, congestive
cardiac failure, cerebrovascular disease, patients with urinary
tract infection, pregnant women, patients with obstructive
uropathy, and nephrolithiasis were excluded from the study.

Sample collection and analysis
Under aseptic conditions, 5 ml of fasting blood samples
were collected, centrifuged and obtained sample was used
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for the estimation of total cholesterol, TG, and high-density
lipoprotein cholesterol (HDL-C). Low-density lipoprotein
cholesterol (LDL-C) was calculated by the Friedewald
formula. The TyG index was calculated by the following
formula: In (fasting TG [mg/dl] X fasting glucose [mg/dl])/2."
Atherogenic index of plasma, calculated using the formula:
(log TG/HDL-C])"® and other lipid ratios were calculated.
BP was recorded.

Statistical analysis

The results were represented in MeantSD. Pearson
correlation coefficient was applied. The P<0.05 considered
as statistically significant. Data were analyzed using SPSS
version 20.0.

RESULTS

In the present study, 100 hypertensive patients as cases and
100 age- and gender-matched healthy subjects as controls
were involved. In healthy controls, 56 (56%) were male and
44 (44%) were female. In the hypertensive cases, 55 (55%0) were
male and 45 (45%) were female. Mean age 45.5£9.0 years,
systolic BP (SBP) 160.2£31.4 mmHg, diastolic BP (DBP)
103.5+12.0 mmHg, serum total cholesterol 170.6£36.4 mg/
dl, serum TG 154.81£47.2 mg/dl, LDLC 104.1£31.3 mg/
dl, very low-density lipoprotein cholesterol (VLDL)-C
30.9£9.4 mg/dl, non-HDLC 135.1+33.0 mg/dl, TC/HDL
ratio 4.97£1.11, TG/HDL ratio 0.63£0.17, and TyG index
4.77£0.16 were significantly elevated in hypertensive patients
than healthy controls. Serum HDLC 35.4£8.7 mg/dl and
HDL/LDL ratio 0.36£0.11 were decreased significantly in
hypertensive cases than controls (Table 1).

In the present study, SBP (+r=0.533), DBP (r=0.521),
total cholesterol (r=0.423), triglyceride (r=0.949), LDLC

Parameters Controls Cases P-value
Mean*SD Mean*SD
(n=100) (n=100)
Age (years) 39.8+6.8 45.5+9.0 <0.001*
SBP (mmHg) 122.9+7.3 160.2+31.4  <0.001*
DBP (mmHg) 81.0+4.1 103.5£12.0  <0.001*
Total cholesterol (mg/dl)  141.2+18.9  170.6£36.4  <0.001*
Triglyceride (mg/dl) 111.2+18.6 154.8+47.2  <0.001*
HDLC (mg/dl) 41.8+5.9 35.4+8.7 <0.001*
LDLC (mg/dl) 77.1£16.2 104.1£31.3  <0.001*
VLDLC (mg/dl) 22.2+3.7 30.9+9.4 <0.001*
Non-HDLC (mg/dl) 99.3+16.2 135.1£33.0 <0.001*
TC/HDL ratio 3.39+0.40 4.97+1.11 <0.001*
HDL/LDL ratio 1.93+0.42 0.36+0.11 <0.001*
TG/HDL ratio 0.42+0.02 0.63+0.17 <0.001*
TyG index 4.59+0.09 4.77+0.16 <0.001*

*P<0.05 considered significant. SBP: Systolic blood pressure, DBP: Diastolic blood
pressure, HDLC: High-density lipoprotein cholesterol, LDLC: Low-density lipoprotein
cholesterol, VLDL: Very low-density lipoprotein cholesterol
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(r=0.303), VLDL (r=0.949), non-HDLC (r=0.533),
TC/HDLC ratio (r=0.583), and TG/HDLC ratio
(r=0.839) were positively correlated with TyG index.
HDLC (r=-0.698) and HDL/LDL ratio (+= —0.679) were
negatively correlated with TyG index (Table 2).

In the present study, age (+r=0.152), SBP (+r=0.511), DBP
(£=0.507), total cholesterol (r=0.192), triglyceride (+=0.874),
LDLC (r=0.177), VLDL (+=0.874), non-HDLC (1= 0.403),
TC/HDLC ratio (+=0.714), TG/HDLC ratio (+r=0.392),
and TyG index (r=0.839) were positively correlated with
TG/HDL ratio. HDLC (r= —0.698) and HDL/LDL ratio
(= —0.772) were negatively correlated with TG/HDL
ratio (Table 3).

DISCUSSION

In this study, TyG index and TG/HDL ratio were
significantly increased and were positively correlated with
BP. Dyslipidemia and increased atherogenic ratios were
observed in this study and dyslipidemia — a conventional
risk factor for CVD.

Parameters r-value P-value
Age 0.109 0.123
SBP 0.533** 0.000
DBP 0.521** 0.000
Total cholesterol 0.423** 0.000
Triglyceride 0.949** 0.000
HDLC -0.698** 0.000
LDLC 0.303** 0.000
VLDLC 0.949* 0.000
Non-HDLC 0.533** 0.000
TC/HDLC ratio 0.583** 0.000
HDL/LDL ratio -0. 679" 0.000
TG/HDL ratio 0. 839* 0.000

**Correlation is significant at the 0.01 level (2-tailed)

Parameters r-value P-value
Age 0.152* 0.032
SBP 0.326** 0.000
DBP 0.507** 0.000
Total cholesterol 0.192** 0.000
Triglyceride 0.874** 0.000
HDLC -0.698** 0.000
LDLC 0.177** 0.012
VLDLC 0.874** 0.000
Non-HDLC 0.403** 0.000
TC/HDLC ratio 0.714** 0.000
HDL/LDL ratio -0.772** 0.000
TG/HDL ratio 0.392** 0.000
Ty glucose index 0. 839** 0.000

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at
the o.05 level (two-tailed)
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However, exact pathophysiological mechanism responsible
for the elevation of TyG and HTN is not clear. However,
a few studies have suggested the mechanisms by which IR
might affect elevating BP. In metabolic syndrome, IR is one
of the components and also risk factor for increased BP. It
was reported that more visceral fat indicates the metabolic
alterations causing increased IR, cardiometabolic risk and
HTN. Therefore, IR is important factor for indicating the
development of HTN."*

It was reported that TyG index was correlated with IR
and proposed as surrogate index of IR.*** A few studies
reported the importance of TyG index in assessment of
cardiovascular risk.”* IR-compensatory hypetinsulinemia
can cause increased activation of the carotid body, leading
to increased activity of sympathetic nervous system,
prompting the secretion of adrenaline and norepinephrine,
which resulting in increased cardiac output and peripheral
vascular resistance. Vascular smooth muscle may be
thickened due to increased levels of catecholamine,
inducing HTN.* Even BP may also be increased by
IR through RAS activation and increased endothelin
synthesis. Increased endothelin may contract blood vessels,
contributing to HTN development.”*

In support of this study findings, Zhu et al.,”” reported
the correlation between TyG index and HTN. A study
by Zhang et al.,”’ reported increased TyG index and TG/
HDL-c levels were correlated with pre-HTN and HTN in
normoglycemic subjects. A study by Liao et al.,”! showed
significantly elevated TyG index in heart failure with
preserved ejection fraction (HFpEF) patients than in non-
HFpEF patients and related to cardiac diastolic function,
which indicates the occurrence of HFpEF in hypertensives.

Studies have reported the significance of other lipid ratios
or atherogenic indexes and were strong indicators of the
CVD risk and T2DM.* In this, TG/HDL ratio is also
increased in cases than controls. Increased non-HDL-C

also used to assess atherogenic risk.'®*

Limitations of the study

The sample size was small. Estimation of insulin was not
done.

CONCLUSION

The study concludes that significantly increased TyG
index, TG/HDL ratio, TC/HDL ratio and decreased
HDL/LDL ratio in hypertensive cases. TyG index and
TG/HDL ratio was significantly correlated with BP and
other lipid ratios. Increased TyG index may indicate IR in
hypertensive patients. This may be useful for screening and
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managing of HTN. Further studies with large sample size
are recommended.

ACKNOWLEDGMENT

We would like to thank the authorities of Veer Surendra
Sai Institute of Medical Sciences and Research, Sambalpur,
Odisha, India for their support and help.

REFERENCES

10.

1.

Yin J, Li M, Yu L, Hu F, Yu Y, Hu L, et al. The relationship
between the atherogenic index of plasma and arterial stiffness
in essential hypertensive patients from China: A crosssectional
study. BMC Cardiovasc Disord. 2021;21(1):245.

https://doi.org/10.1186/s12872-021-02049-8

Bhatia M, Kumar M, Dixit P and Dwivedi LK. Diagnosis and
treatment of hypertension among people aged 45 years and over
in India: A sub-national analysis of the variation in performance
of Indian States. Front Public Health. 2021;9:766458.

https://doi.org/10.3389/fpubh.2021.766458

Ramakrishnan S, Zachariah G, Gupta K, Rao JS, Mohanan PP,
Venugopal K, et al. Prevalence of hypertension among Indian
adults: Results from the great India blood pressure survey.
Indian Heart J. 2019;71(4):309-313.

https://doi.org/10.1016/).ihj.2019.09.012

Anchala R, Kannuri NK, Pant H, Khan H, Franco OH, Di
Angelantonio E, et al. Hypertension in India: A systematic review
and meta-analysis of prevalence, awareness, and control of
hypertension. J Hypertens. 2014,32(6):1170-1177.
https://doi.org/10.1097/hjh.0000000000000146

Wang C, Yuan Y, Zheng M, Pan A, Wang M, Zhao M,
et al. Association of age of onset of hypertension with
cardiovascular diseases and mortality. J Am Coll Cardiol.
2020;75(23):2921-2930.
https://doi.org/10.1016/j.jacc.2020.04.038

Wang F, Han L and Hu D. Fasting insulin, insulin resistance and
risk of hypertension in the general population: A meta-analysis.
Clin Chim Acta. 2017;464:57-63.
https://doi.org/10.1016/j.cca.2016.11.009

Rett K, Wicklmayr M and Mehnert H. New aspects of insulin
resistance in hypertension. Eur Heart J. 1994;15(Suppl C):78-81.
https://doi.org/10.1093/eurheartj/15.suppl_c.78

Lastra G, Dhuper S, Johnson MS and Sowers JR. Salt,
aldosterone, and insulin resistance: Impact on the cardiovascular
system. Nat Rev Cardiol. 2010;7(10):577-584.
https://doi.org/10.1038/nrcardio.2010.123

O’Meara JG, Kardia SR, Armon JJ, Brown CA, Boerwinkle E
and Turner ST. Ethnic and sex differences in the prevalence,
treatment, and control of dyslipidemia among hypertensive adults
in the GENOA study. Arch Intern Med. 2004;164(12):1313-1318.
https://doi.org/10.1001/archinte.164.12.1313

Landsberg L, Aronne LJ, Beilin LJ, Buke V, Igel LI, Jones DL, et al.
Obesity-related hypertension: Pathogenesis, cardiovascular risk,
and treatment-a position paper of the obesity society and the
American society of hypertension. J Clin Hypertens (Greenwich).
2013;15(1):14-33.

https://doi.org/10.1111/jch.12049

Du T, Yuan G, Zhang M, Zhou X, Sun X and Yu X. Clinical

Asian Journal of Medical Sciences | Mar 2023 | Vol 14 | Issue 3

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

usefulness of lipid ratios, visceral adiposity indicators, and
the triglycerides and glucose index as risk markers of insulin
resistance. Cardiovasc Diabetol. 2014;13:146.

https://doi.org/10.1186/s12933-014-0146-3

Navarro-Gonzalez D, Sanchez-lnigo L, Pastrana-Delgado J,
Fernandez-Montero A and Martinez JA. Triglyceride-glucose
index (TyG index) in comparison with fasting plasma glucose
improved diabetes prediction in patients with normal fasting
glucose: The Vascular Metabolic CUN cohort. Prev Med.
2016;86:99-105.

https://doi.org/10.1016/j.ypmed.2016.01.022

Simental-Mendia LE, Rodriguez-Moran M and
Guerrero-Romero F. The product of fasting glucose and triglycerides
as surrogate for identifying insulin resistance in apparently healthy
subjects. Metab Syndr Relat Disord. 2008;6(4):299-304.

https://doi.org/10.1089/met.2008.0034

Jian S, Su-Mei N, Xue C, Jie Z and Xue-Sen W. Association
and interaction between triglyceride-glucose index and obesity
on risk of hypertension in middle-aged and elderly adults. Clin
Exp Hypertens. 2017;39(8):732-739.

https://doi.org/10.1080/10641963.2017.1324477

Lambrinoudaki |, Kazani MV, Armeni E, Georgiopoulos G,
Tampakis K, Rizos D, et al. The TyG index as a marker
of subclinical atherosclerosis and arterial stiffness in lean
and overweight postmenopausal women. Hear Lung Circ.
2018;27(6):716-724.

https://doi.org/10.1016/j.hlc.2017.05.142

Mao Q, Zhou D, Li Y, Wang Y, Xu SC and Zhao XH. The
triglyceride-glucose index predicts coronary artery disease
severity and cardiovascular outcomes in patients with non-
ST-segment elevation acute coronary syndrome. Dis Markers.
2019;2019:6891537.

https://doi.org/10.1155/2019/6891537

Zhang M, Wang B, Liu Y, Sun X, Luo X, Wang C, et al.
Cumulative increased risk of incident Type 2 diabetes mellitus
with increasing triglyceride glucose index in normal-weight
people: The Rural Chinese cohort study. Cardiovasc Diabetol.
2017;16(1):30.

https://doi.org/10.1186/s12933-017-0514-x

Gol RM, Rafraf M and Jafarabadi MA. Assessment of atherogenic
indices and lipid ratios in the apparently healthy women aged
30-55 years. Arterial Hypertens. 2021;25(4):172-177.
https://doi.org/10.5603/AH.a2021.0020

Kotchen TA, Grim CE, Kotchen JM, Krishnaswami S, Hang H,
Hoffmann RG, et al. Altered relationship of blood pressure to
adiposity in hypertension. Am J Hypertens. 2008;21(3):284-289.
https://doi.org/10.1038/ajh.2007.48

Manrique C, Lastra G, Gardner M and Sowers JR. The renin
angiotensin aldosterone system in hypertension: Roles of
insulin resistance and oxidative stress. Med Clin North Am.
2009;93(3):569-582.
https://doi.org/10.1016%2Fj.mcna.2009.02.014

Vasques AC, Novaes FS, da Saude de Oliveira M, Souza JR,
Yamanaka A, Pareja JC, et al. TyG index performs better than
HOMA in a Brazilian population: A hyperglycemic clamp validated
study. Diabetes Res Clin Pract. 2011;93(3):€98-e100.
https://doi.org/10.1016/j.diabres.2011.05.030

Guerrero-Romero F, Villalobos-Molina R, Jimenez-Flores JR,
Simental-Mendia LE, Méndez-Cruz R, Murguia-Romero M,
et al. Fasting triglycerides and glucose index as a diagnostic
test for insulin resistance in young adults. Arch Med Res.
2016;47(5):382-387.
https://doi.org/10.1016/j.arcmed.2016.08.012

101



Kiro, et al.: Triglyceride-glucose index, triglyceride to high-density lipoprotein cholesterol ratio, and other lipid ratios in hypertension

23. Da Silva A, Caldas AP, Hermsdorff HH, Bersch-Ferreira AC, 29. Zhu B, Wang J, Chen K, Yan W, Wang A, Wang W, et al.

Torreglosa CR, Weber B, et al. Triglyceride-glucose index is A high triglyceride glucose index is more closely associated
associated with symptomatic coronary artery disease in patients with hypertension than lipid or glycemic parameters in elderly
in secondary care. Cardiovasc Diabetol. 2019;18(1):89. individuals: A crosssectional survey from the reaction study.
https://doi.org/10.1186/s12933-019-0893-2 Cardiovasc Diabetol. 2020;19(1):112.

24. Zhao S, Yu S, Chi C, Fan X, Tang J, Ji H, et al. Association https://doi.org/10.1186/s12933-020-01077-6
between macro-and microvascular damage and the triglyceride 30. Zhang F, Zhang Y, Guo Z, Yang H, Ren M, Xing X, et al. The

glucose index in community-dwelling elderly individuals: The
Northern Shanghai study. Cardiovasc Diabetol. 2019;18(1):95. high-density lipoprotein cholesterol ratio with prehypertension

https://doi.org/10.1186/s12933-019-0898-x and hypertension in normoglycemic subjects: A large cross-
25. Shi W, Xing L, Jing L, Tian Y, Yan H, Sun Q, et al. Value of sectional population study. J Clin Hypertens (Greenwich).

triglyceride-glucose index for the estimation of ischemic stroke 2021;23(7):1405-1412.

risk: Insights from a general population. Nutr Metab Cardiovasc g .

Dis. 2020:30(2):245-253. h.ttps.//d0|.org/10.1111/Jch.1430§ . .

https://doi.org/10.1016/j.numecd.2019.09.015 31. Ll.ao LP,. Yang Y, Wu.Y and Li W. Correlgtlon ar\aly3|s of the
triglyceride glucose index and heart failure with preserved
ejection fraction in essential hypertensive patients. Clin Cardiol.
2022;45(9):936-942.

association of triglyceride and glucose index, and triglyceride to

26. Takagi M, Tanaka Y, Yamasaki Y, Yamamoto M, Hori M,
Nakaniwa T, et al. Responsiveness of insulin induced cardiac
sympathetic nerve activation associates with blood pressure

regulation in diabetics. Am J Physiol Endocrinol Metab. https://doi.org/10.1002/clc.23881

2003;284(5):E1022-E1026. 32. Millan J, Pinté X, Mufioz A, Zdfiga M, Prat JR, Pallardo LF,

https://doi.org/10.1152/ajpendo.00169.2002 et al. Lipoprotein ratios: Physiological significance and clinical
27. Khalil RA. Modulators of the vascular endothelin receptor usefulness in cardiovascular prevention. Vasc Health Risk

in blood pressure regulation and hypertension. Curr Mol Manag. 2009;5:757-765.

Pharmacol. 2011;4(3):176-186. 33. Bendzala M, Sabaka P, Caprnda M, Komornikova A,

https://doi.org/10.2174%2F1874467211104030176 Bisahova M, Baneszova R et al. Atherogenic index of plasma
28. Frank HJ, Levin ER, Hu RM and Pedram A. Insulin stimulates is positively associated with the risk of all-cause death in

endothelin binding and action on cultured vascular smooth elderly women: A 10-year follow-up. Wien Klin Wochenschr.

muscle cells. Endocrinology. 1993;133(3):1092-1097. 2017;129(21-22):793-798.

https://doi.org/10.1210/endo.133.3.8365355 https://doi.org/10.1007/s00508-017-1264-1

Authors’ Contributions:
JK- Concept and study design, prepared first draft of manuscript; MA- Interpreted the results; revision of the manuscript; SB- Reviewed the literature and
manuscript preparation; SB- Concept, coordination, statistical analysis and interpretation; NBT- Preparation of manuscript.

Work attributed to:
Veer Surendra Sai Institute of Medical Sciences and Research (VIMSAR), GV2M+JJR, PG Chowk, Burla, Sambalpur - 768 017, Odisha, India.

Orcid ID:

Dr. Jyotsna Kiro - * https://orcid.org/0000-0002-0787-4937

Dr. Madhusmita Acharya - = https://orcid.org/0000-0002-0333-6314
Dr. Sumitra Bhoi - * https://orcid.org/0000-0003-0490-5408

Dr. Sanghamitra Bhoi - https://orcid.org/0000-0001-7559-0955
Dr. Neelam B Tirkey - = https://orcid.org/0000-0002-8691-7367

Source of Support: Nil, Conflict of Interest: None declared.

102 Asian Journal of Medical Sciences | Mar 2023 | Vol 14 | Issue 3



