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ABSTRACT

Background: Triglyceride- glucose (TyG) index, a marker of insulin resistance, has been shown to be associated
with the incidence of cardiometabolic diseases including hypertension. However, the prognostic role of TyG
index is unknown. Hence, we aim to determine the association of TyG index with major adverse cardiovascular
events (MACE) in hypertensive patients.

Methods: Systematic searching was conducted on 3 databases up till November 2024. We included studies with
hypertensive patients despite their comorbidities. Outcome measured is MACE and its individual components.
Random effect model meta-analysis is done to pool the results with similar reference point.

Results: Twenty observational studies with a total of 451,455 patients of 40 — 70 years old are included. Meta-
analysis result shows that higher TyG index is associated with a statistically significant increased risk of
MACE (HR 1.90, CL: 1.41 - 2.57, 12 88 %), myocardial infarction (HR 1.55, CI: 1.27 — 1.88, I? 0 %), stroke (HR
1.84, CI: 1.41 — 2.39, I2 62 %), all- cause mortality (HR 1.86, CI: 1.70 — 2.03, I? 0 %) and cardiovascular mortality
(HR 1.08, CI: 1.04 — 1.11, I? 0 %). Subgroups of older and younger population, male and female gender, diabetic
and non- diabetic population, and higher BMI patients retains the statistically significant risk of MACE (p < 0.05).
U- shaped phenomena of TyG index is also demonstrated with the risk of all- cause mortality.

Conclusion: TyG index is a reliable prognostic marker of MACE in hypertensive patients and can be utilized in
population despite their age, diabetic status, and gender.

1. Introduction

Hypertension impacts approximately one billion adults’ population
worldwide, and the global population of adults with hypertension is
expected to increase to 1.56 billion by the year 2025[1,2]. Hypertension
is a primary contributor to long-term major adverse cardiovascular
events (MACEs)[3]. Identifying and managing cardiovascular disease
(CVD) risk early in hypertensive patients is crucial for assisting clini-
cians and reducing the global burden of CVD.

Insulin resistance (IR) is a key factor in various metabolic disorders
including CVD[3]. Previous research found an association between IR
and major CVD risk factors including hypertension[4]. In recent years,
numerous simplified mathematical models have been developed to
assess insulin resistance[5]. Two them are the
hyperinsulinemic-euglycemic clamp (HIEC) test, currently the most
advanced method for measuring insulin resistance and is widely regar-
ded as the "gold standard", and the homeostasis model assessment for IR
(HOMA-IR)[6,7]. However, HIEC test is highly time consuming and
expensive,[7]. while HOMA-IR relies on a serum insulin test, which is
not readily available in all primary care hospitals,[8]. highlighting the
need for a simpler and more accessible alternative.

One biomarker that has gathered considerable interest as an
affordable diagnostic tool is the triglyceride glucose (TyG) index[9,10].
The TyG Index is notable for its simplicity of computation (TyG index =
In [fasting serum triglycerides (mg/dL) x fasting blood glucose
(mg/dL)/2].)[9]. in addition to the widely available assay of triglyceride
and glucose. One of the growing areas of interest is its potential to reflect
underlying insulin resistance (IR)[11]. TyG index offers an inexpensive,
accessible, and readily available biochemical marker to measure IR.
Moreover, it is more practical since it does not rely on insulin mea-
surements[11]. Previous meta-analysis has demonstrated an association
between the TyG index and the incidence of hypertension[12]. How-
ever, the association between the TyG index and the risk of MACEs in
hypertensive patients remains unclear. Additionally, to date, no
comprehensive meta-analysis has specifically evaluated the prognostic
value of the TyG index in hypertensive patients, particularly in pre-
dicting the risk of MACEs. This study aim to determine the association of
TyG index with MACEs in hypertensive patients.

2. Methods
2.1. Search strategy
Searching on three databases (PubMed, Science direct, and Cochra-

nelLibrary) were conducted up until November 2024. Searching strategy
includes different terminologies used to describe triglyceride- glucose

index and hypertension. In the search strategy, we exceptionally entered
keyword for the population (hypertensive patients) and the exposure
(triglyceride- glucose index) together with their variations. A detailed
search strategy is elaborated in Supplementary 1. This review article is
officially registered in PROSPERO with ID CRD42025634989. We
adhered to the PRISMA manuscript writing checklists and is elaborated
in Supplementary 2.

2.2. Study selection

Systematic selection under prespecified inclusion and exclusion
criteria was done by two reviewers independently (WH and MAW). Any
discrepancies or disagreements of study selection results were further
discussed with AN and ARK. We selectively include studies that fit with
our research question as elaborated in our PICOTT framework (Sup-
plementary 3). We included both observational studies (longitudinal or
cross sectional) and post hoc randomized controlled trials.

The inclusion criteria are hypertensive patients of all ages, despite
being primary or secondary hypertension that have been assessed for
fasting triglyceride and glucose level. We included studies that studied
the association of TyG index and major adverse cardiovascular events.
We exclude studies reporting novel TyG parameter modifications such as
TyG- body mass index, TyG- waist circumference, etc. We further
excluded studies of review article, case report/ series, and animal
studies. We also did not include studies that evaluate the incidence of
hypertension in general population and exclude studies that do not have
complete data.

2.3. Risk of bias assessment

All observational studies included in this review were assessed for
risk of bias using the Newcastle-Ottawa Scale (NOS). Two reviewers (AN
and MAW) independently conducted the risk of bias assessment, with
any disagreements being resolved through consensus. Three domains
were assessed, which are selection, comparability, and outcome.
Furthermore, the selection domain comprises 4 items, namely repre-
sentativeness of the exposed cohort, selection of the non-exposed cohort,
ascertainment of exposure, and outcome not present at the start of the
study. For the outcome domain, the items assessed were assessment of
outcome, length of follow-up, and adequacy of follow-up.

2.4. Data extraction
Data from the included studies were retrieved by two reviewers (WH

and AN) and two other reviewers (ARK, SR) evaluated all the collected
data for inconsistency. Any discrepancy and dispute are discussed
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thoroughly in a team meeting. Data extracted from each included study
include author, study name/ center, period of study, inclusion and
exclusion criteria, study design, sample size, age, gender, baseline
glucose, triglyceride, and blood pressure level, use of insulin, reference
point used for risk assessment, subgroups described in each study when
available, types of regression used, duration of follow up, and clinical
outcomes of interest.

2.5. Outcome measures

Main outcome being evaluated in this study is major adverse car-
diovascular events (MACE). MACE is defined according to each study
(Supplementary 4) but in general is a composite of myocardial
infarction, stroke, acute heart failure, cardiovascular mortality, and
additionally all-cause mortality. Additionally, each component of MACE
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is also evaluated as a single outcome of interest (myocardial infarction —
fatal and non-fatal event; stroke — ischemic and hemorrhagic; all- cause
mortality; cardiovascular mortality).

2.6. Statistical analysis

Statistical analysis is conducted with ReviewManager version 5.4.
Clinical outcomes with binary data of MACE outcome and its individual
components will be pooled using inverse variance random effect model
to generate a pooled hazard ratio. Result from multivariate analysis will
be selected for meta-analysis and the adjustment factors used in each
studies are described in Supplementary 4. A separate statistical analysis
will be done based on different reference value used in each study’s
regression analysis (per unit increase of TyG, specific TyG cutoff based
on each study’s criteria, highest to lowest quartile/ tertile level of TyG).

Identification of studies via databases and registers

)
c
:.% Records identified from*: SR;(:;;di;g;.emoved before
:f:’ Pu_bMed (_n - 9691 —> Duplicate records removed
= ScienceDirect (n = 630) (n = 141)
§ CochraneLibrary (n = 11)
p \ Y
Records screened Records excluded
—>
(n=1571) (n=1377)
\ 4
Reports sought for retrieval Reports not retrieved
—>
= (n=194) (n=78)
c
o
e
& \4
Reports assessed for eligibility Reports excluded:
(n =116) I Hypertension incidence as
outcome (n = 56)
General population (n = 25)
No outcome of interest (n = 13)
Review/ editorial (n = 22)
)

Studies included in review

(n=20)
Reports of included studies
(n=20)

Fig. 1. PRISMA flow diagram.



L. Dakota et al.

Subgroup analysis will be done on elderly population and younger
population, male and female population, diabetic and non- diabetic
population, and higher and lower BMI population. Test for subgroup
differences will be conducted with Z score test.

Due to the conflicting reported results from previous studies
regarding the U- shaped phenomena between TyG index level and risk of
MACE in hypertensive patients, we conducted a specific subgroup
analysis comparing highest and lowest quartile level of TyG index with
the middle quartile TyG index to determine the U shape phenomena.
When both the highest and lowest quartile level is associated with a
statistically significant increased risk of MACE when compared to the
middle quartile, then the assumption of U- shaped phenomena is made.

Sensitivity analysis is conducted to assess the robustness of the data
and evaluate the large effect size of a single study. Confidence interval of
95 % and p value < 0.05 were selected as statistical significance cutoff.
Heterogeneity is being assessed by I2 with an interpretation of I? < 40 %
as not important heterogeneity, 30 — 60 % as moderate heterogeneity, 50
— 90 % as substantial heterogeneity, and 75 — 100 % as considerable
heterogeneity. Publication bias is assessed with funnel plot for asym-
metry. Finally, evidences generated from meta-analysis were evaluated
with GRADE assessment for certainty.

3. Results
3.1. Study selection and characteristics

Systematic searching from three databases resulted in a total of 1610
articles after which 141 duplicates are removed and further title and
abstract screening resulted in 116 articles to be assessed for eligibility
through full text evaluation. Eventually, 20 articles[13-22]. are
included in the review and all of them are included in the meta-analysis.
(Fig. 1) Among the 20 studies, three of them are prospective cohort
studies, one is post hoc RCT study, and the remaining are retrospective
cohort studies. A total of 451,455 hypertensive patients are included in
which 10 studies specifically included patients with cardiovascular
diseases. One study included elderly population and one study included
only younger population. Overall, the average fasting glucose level from
the included studies are below 100 mg/dL (< 5.51 mmol/L) and the
average fasting triglyceride are below 150 mg/dL (< 1.7 mmol/L). The
follow up time in the included studies range from 1 — 13 years. (Table 1)

3.2. Risk of bias assessment

Using the NOS, all the studies were rated as good quality. Most
studies scoring eight on the NOS. All 20 studies received the maximum
number of stars for the following items: representativeness of the
exposed cohort, selection of the non-exposed cohort, ascertainment of
exposure, outcome not present at the start of the study, and adequacy of
follow-up. (Supplementary 5)

3.3. Data synthesis

3.3.1. TyG index and MACE outcome

Six studies evaluated the association of higher TyG index cutoff
compared to lower TyG index cutoff with the outcome of MACE. Cutoff
criteria from each study varied from 7.8 — 9.3 which may contribute to
the heterogeneity observed. Higher TyG index cutoff is associated with a
statistically significant increased risk of MACE (HR 1.90, CI: 1.41 - 2.57)
however the result is found to be heterogenous (1> 88 %) (Fig. 2)
(Table 2). Sensitivity analysis by leave one out analysis did not find any
important change in heterogeneity level (removal of study by Zhang Y
et al. resulted in the most reduction of I? into 79 %). Removal of studies
with acute coronary syndrome population (Huang J et al. and Qiu et al.)
also did not result in changes in heterogeneity level.

Six studies evaluated the association of per 1 unit increase of TyG
index and MACE outcome. Every 1 unit increase of TyG index is
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associated with a statistically significant risk of MACE (HR 1.22, CI: 1.11
—1.35, 12 47 %). (Fig. 2) Sensitivity analysis by leave one out analysis
found that removal of study by Li C et al. resulted in a reduction of
heterogeneity level to 37 % and the risk remains statistically significant
(p < 0.0001).

Two studies evaluated the association of different tertile/ quartile
comparison with MACE outcome. Tao S et al. reported the comparison
the 4th quartile and the 1st quartile of TyG index in their population
while Yang K et al. reported the comparison of the 3rd and 1st tertile of
TyG index in their population. We finally decided to pool the result and
found that higher tertile/ quartile is associated with a statistically sig-
nificant risk of MACE. (Fig. 2)

Furthermore, to evaluate the U-shaped phenomena of TyG index and
risk of MACE, additional analysis comparing highest tertile level (T3)
versus the middle tertile level (T2) of TyG index and the lowest tertile
level (T1) with T2 were done. No statistically significant result were
found. (Supplementary 6)

3.3.1.1. Age subgroups. Four and seven studies evaluated the associa-
tion of TyG index with MACE outcome in older and younger age pop-
ulation, respectively. Cutoffs of older and younger age varied between
65 and 75 years old. Li C et al. study specifically recruited only patients
< 40 years old. Older age and younger age are both associated with a
statistically significant increasing risk of MACE (HR 1.75 and 1.41,
respectively). However, the hazard risk difference of the two subgroups
is not statistically significant (p 0.32). (Supplementary 7) Additional
analysis of only including studies with similar reference point (Huang J
et al. and Zhang et al. with higher and lower TyG index cutoffs) also did
not result in a statistically significant hazard risk difference between the
two subgroups (p 0.095).

3.3.1.2. Gender subgroups. Six studies evaluated the association of TyG
index with MACE outcome in male and female population. Male and
female population are both associated with a statistically significant
increased risk of MACE (HR 1.64 and 1.89, respectively) and the dif-
ference of hazard risk between both groups are not statistically signifi-
cant (p 0.51). (Supplementary 8) Additional analysis of only including
studies with similar reference point (Huang et al., Li et al., Zhang et a.
with higher and lower TyG index cutoffs) also did not result in a sta-
tistically significant hazard risk difference (p 0.37).

3.3.1.3. Diabetic subgroups. Three and four studies evaluated the asso-
ciation of TyG index with MACE outcome in diabetic and non- diabetic
population, respectively. Both groups are associated with a statistically
significant increased risk of MACE (HR 1.55, and 1.51, respectively) and
the hazard risk difference between the two subgroups are not statisti-
cally significant (p 0.90). (Supplementary 9)

3.3.1.4. BMI subgroups. Two studies evaluated the association of TyG
index with MACE outcome in higher and lower BMI population. Cutoffs
of higher and lower BMI in the two studies are 25 and 28 kg/m?2. Higher
BMI is associated with a statistically significant increased risk of MACE
(HR 1.40, CI: 1.07 - 1.84) while lower BMI does not show similar sig-
nificance (HR 1.43, CI: 0.89 - 2.32). (Supplementary 10)

3.3.2. TyG index and MI outcome

Four studies evaluated the risk of MI outcome with per unit increase
of TyG index and with higher TyG index cutoff. Higher TyG cutoffs used
in the included studies are 8.43 and 8.57. Higher TyG index cutoff is
associated with a statistically significant increased risk of MI outcome
(HR 1.55, CI: 1.27 - 1.88) while per unit increase of TyG index is not (HR
0.84, CL: 0.70 — 1.01). (Supplementary 11)

3.3.3. TyG index and stroke outcome
Four studies evaluated the risk of stroke outcome based on higher



Table 1

Characteristics of included studies.

Author Study Name/ Sites Year Study Design Population Sample Age Gender Glucose level Triglyceride level Blood Pressure (mmHg) Follow up
size
Cui H Kailuan study 2024  Retrospective Stage 1 and stage 2 88,384 51.07+12.39 Male 79.36 5.47+1.65 mmol/ 1.67+1.37 mmol/ 129.88+20.76 mean 13.66
et al. cohort hypertension (18 - 98 % (70,142/ L L years
years) 88,384)
Ding W NHANES study 2024  Retrospective Patients with 2185 66.86+0.36 Male 57.08 ) ) ) mean 89.5
et al. cohort cardiovascular disease % (1247/ months
above 18 years 2185)
HuLetal. CHRS study 2022  Retrospective Hypertensive patients 8487 68,77 Male 52.76 6.01+1.31 mmol/ 1.64+1.06 mmol/ 149.79+18.23 median 1.72
cohort age > 60 years % L L years
Huang J Tianjin Medical University =~ 2024  Retrospective STEMI patients with 699 66.0 Male 74.1 % 6.4 (5.4-8.5) 145.0 145.0 (128.0- 159.0) O]
et al. General Hospital cohort hypertension (58.0-73.0) (518/699) mmol/ L (111.0-201.0)
mg/ dl
Huang Z Kailuan study 2022  Prospective Hypertensive patients 19.924 56.78+11.13 Male 82.02 ) ) 141.43+19.05 median 9.97
et al. cohort age > 18 years % (16,342/ years
19,924)
Kazibwe SPRINT study 2024  Retrospective Hypertension patients 9323 67.9 +9.38 Male 64.53 98.8 + 13.52 mg/ 119.08+59.03 139.67+15.57 mean 3.8
et al. cohort without diabetes % (6016/ dl mg/ dl years
9323)
Lee et al. NHIS NSC 2.2 Database 2024  Retrospective Age > 19 years old 233.546 47.9 +£13.3 Male 53.6 % 97.21+£22.53 mg/ 118.46+70.20 122.38+14.76 median 8.13
cohort patients dl mg/ dl years
Li Cetal Fuwai hospital 2024  Prospective Young hypertensive 2.834 31.9+5.8 Male 71.2 % 5.03+1.17 mmol/ 1.82+1.31 mmol/ 154.57+21.0 median 2.6
cohort patients aged 18 - 40 L L years
years old
Liu H MIMIC- IV database 2024  Retrospective Patients with acute 5208 64.0 years Male 65.4 % 134.46+47.71 124.65+65.38
et al. cohort myocardial infarction mg/ dl mg/dl
Liuy Fuwai Central China 2023 Retrospective Coronary heart disease 1467 60.5 + 9.4 Male 69.6 % 5.40 (4.70-6.46) 1.36 (1.02-1.84) 134.1 +£15.2 1 year
etal. Cardiovascular Hospital cohort and hypertensive (1021/1467)  mmol/ L mmol/ L
patients (18 - 75 years)
Pang NHCS USA 2023 Retrospective Hypertensive patients 3614 62.5 (no SD Male 50.4 % (O] ) (O] mean 7.87
et al. cohort middle aged and elderly data) (1821/3614) years
Qiu et al. Fujian provincial hospital 2024  Retrospective Patients with type 1 MI 320 69.00 Women 100 110.70 133.30 SBP: 131.00 median
cohort (62.00-74.50) % (320/320) (93.96-142.65) (98.76-178.48) (114.50-147.00); DBP: 34.37
mg/dL mg/ dl 74.00 (66.00-83.00) months
Tao S Hospital Information 2023 Retrospective Coronary heart disease 810 66 (57-74) Male 70.49 5.91 (5.13-6.9) 1.44 (1.06-1.94) SBP: 136 (123, 149); 1 year
et al. System Database in China cohort and hypertensive % (571/810)  mmol/L mmol/L DBP: 79 (70, 86)
- Japan Friendship patients aged 18 - 80
Hospital years
Wan Y SSACB study 2023 Prospective Adults with previous 42,651 55.7 £ 11.1 Female 59.7 4.9 (4.4,5.5) 1.4 (1.0, 2.0) SBP: 132.8 + 19.3; DBP: median 4.7
et al. cohort CVD history (20 - 74 % (25,447/ mmol/ L mmol/ L 79.6 +10.6 years
years) 42,651)
Yang K SPRINT study 2021  Post hoc RCT Hypertension patients 9323 O] ) ) ) ) median 3.26
et al. without diabetes aged 50 years
- 75 years
Zhang China Patient- Centered 2023  Retrospective High cardiovascular risk 2250 O] ) ) ) ) 3.5 years
et al. Evaluative Assessment of cohort hypertensive patients
Cardiac Events study aged 35 - 75 years old
Zhang N CSPPT study 2023  Prospective Hypertensive patients 7569 59.4+7.6 Male 39.5 % ) ) SBP: 168.5 + 21.1; DBP: median 4.5
et al. cohort age 45 - 75 years (2991/7569) 95.3 +12.1 years
Zhang Y Cardiovascular center of 2020 Retrospective Patients diagnosed with 3181 ) ) ) ) ) median 33.3-
et al. Beijing Friendship cohort ACS month (IQR
Hospital Database (CBD) 13.8, 49.8)
bank
Zheng H NHANES study 2024 Retrospective Patients with CHD and 1126 ) ) ) ) ) median 76
et al. cohort hypertension months
Zhou NHANES study 2022  Retrospective Hypertensive patients > 8554 60.12 + 16.07 Male 49.29 115.87 + 42.86 150.58 + 117.66 SBP: 135.62 + 21.35; median 82
et al. cohort 18 years % (4216/ mg/dL mg/dL DBP: 71.00 =+ 16.07 months
8554)
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Hazard Ratio
IV, Random, 95% CI

1.1.1 High and Low Cutoff

CuiHetal. 0.6366 0.0511 21.4%
Huang J et a. 06881 0.2581 135%
LiCetal 1.2355 0314 11.4%
Qiu etal. 1.2986 0.2318 14.6%
Zhang et al. 0.2723 01339 18.8%
Zhang Y etal. 01655 0.0896 20.4%
Subtotal (95% CI) 100.0%

Test for overall effect: Z=4.20 (P < 0.0001)

1.1.2 Per 1 unitincrease

Kazibwe et al. 0.2469 0.0773 18.8%
LiCetal 05539 0.2082 4.9%
LiuY etal. 0.4187 01791 6.3%
Tao Setal 0.3853 01616 7.4%
Wan Y etal. 0.0953 0.0642 21.9%
Yang Ketal. 01823 0.0538 246%
Zheng H et al. 0.0488 0.0901 161%
Subtotal (95% CI) 100.0%

Test for overall effect: Z= 4.07 (P < 0.0001)

1.1.3 Tertile cutoff

Tao Setal.
Yang Ketal.
Subtotal (95% CI)

0.5653 01673 30.0%

03716 01095 70.0%
100.0%

Heterogeneity: Tau*=0.00; Chi*=094,df=1 (P=0.33); F=0%

Test for overall effect: Z= 4.69 (P < 0.00001)

1.28[1.10,1.49)
1.74[1.16,2.62)

1.52[1.07,2.16]

1.47[1.07,2.02)

1.10[0.97,1.25)

1.20[1.08,1.33]

1.05[0.88, 1.25] 1
1.22 [1.11,1.35)

Heterogeneity: Tau*=0.01; Chi*=11.23,df=6 (P=0.08); F=47%

£

1.89[1.71, 2.09] -
1.99[1.20, 3.30]
3.44 [1.86,6.37)
3.66(2.33,5.77)
1.31 1.01,1.71]
1.18(0.99,1.41]
1.90 [1.41, 2.57]

Heterogeneity: Tau®*=0.11, Chi*= 40.98, df=5 (P < 0.00001); F= 88%
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Fig. 2. Association of TyG index with risk of MACE outcome based on different reference points used.

and lower TyG index cutoff. The cutoffs used in the four studies ranged
from 8.43 — 9.15. There is a statistically significant increased risk of
stroke in the higher TyG index group (HR 1.84, CI: 1.41 — 2.39, I? 62 %)
compared to the lower TyG index group. Sensitivity analysis by leave
one out analysis to address the heterogeneity level shows that removal of
Zhang et al. study reduces the heterogeneity level to 0 % while still
maintaining statistical significance of outcome. (Fig. 3)

Four studies evaluated the risk of stroke outcome based on per unit
increase of TyG index and the result showed that per unit increase of
TyG index is associated with 1.40 times increased risk of outcome with a
statistically significant result (p < 0.0001). (Fig. 3)

Two studies evaluated the risk of stroke outcome in the highest
quartile TyG index (Q4) compared to the lowest quartile group (Q1).
Highest quartile group is associated with a statistically significant
increased risk of stroke (HR 1.62) compared to the lowest quartile
group. (Fig. 3)

Evaluation of the U-shaped phenomena based on quartile group level
showed that when the highest and lowest TyG quartile group is
compared to the middle quartile group (Q2 or Q3), no statistically sig-
nificant increased risk of stroke outcome is found in the lowest quartile
group. Only comparison between Q4 and Q2 group is associated with a
statistically significant risk of outcome. (Supplementary 12)

3.3.3. TyG index and All- cause mortality outcome

Three and two studies evaluated the risk of all- cause mortality and
TyG index based on higher and lower cutoff and highest and lowest
quartiles group, respectively. Higher and lower cutoffs used in the
included studies ranged from 8.43 — 9.45. Both reference points showed
a statistically significant result of increasing risk of all- cause mortality
(HR 1.86 and 1.32, respectively). We did not include study by Ding et al.

due to different reference point used (tertile groupings). (Fig. 4A)

Evaluation of the U-shaped phenomena showed that the highest
quartile group (Q4) and lowest quartile group (Q1) are associated with a
statistically significant increased risk of all- cause mortality when
compared to the middle quartile group (Q2) but not with Q3 group.
There is an increased 1.55 and 1.13 risk of all- cause mortality in Q4 and
Q1 group, respectively, when compared to Q2 group (p < 0.0001).
(Supplementary 13)

3.3.3. TyG index cardiovascular mortality outcome

Two studies evaluated the risk of cardiovascular mortality in the
highest TyG quartile group and the lowest quartile group. There is a
statistically significant increased risk of cardiovascular mortality in the
highest quartile group compared to the lowest quartile group (HR 1.08,
CI: 1.04 — 1.11). (Fig. 4B)

Evaluation of the U- shaped phenomena did not show any statisti-
cally significant increased risk in comparison of the highest quartile
group (Q4) and lowest quartile group (Q1) with the middle quartile
group except for the statistically significant increased risk of outcome
when comparing Q4 TyG group and Q2 group (HR 1.72, CL: 1.05 - 2.82).
(Supplementary 14)

3.4. GRADE assessment
GRADE assessment of MACE, MI, stroke, all-cause mortality, and

cardiovascular mortality revealed a high certainty of evidence. (Sup-
plementary 15)
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Table 2
Summary findings of meta- analysis.

MACE Outcome

Reference Point No. of HR Low CI - 12 ( p interaction
studies High CI %)
High and low cutoff 6 190 1.41-257 88 0.005
Per 1 unit increase 6 1.22 1.11-1.35 47
Highest quartile/ 2 1.54 1.28-1.84 0
lowest quartile
Subgroup Analysis No. of HR Low CI - 12 P
studies High CI (%) interaction
Older age 4 1.75 1.19 - 2.57 51 0.32
Younger age 7 1.41 1.19-1.68 54
Male 6 1.64 1.27-211 41 0.51
Female 6 1.89 1.34 - 2.65 61
Diabetic 3 155 1.00-241 56 0.90
Non- diabetic 4 151 1.28-1.78 0
Higher BMI 2 1.40 1.07 - 1.84 0 -
Lower BMI 2 1.43 0.89 - 2.32 81
MI Outcome
Reference Point No. of HR Low CI - 12 P
studies High CI (%) interaction
High and low cutoff 2 155 1.27-1.88 0 -
Per 1 unit increase 2 0.84 0.70-1.01 0
Stroke Outcome
Reference Point No. of HR Low CI - 12 P
studies High CI (%) interaction
High and low cutoff 3 1.84 1.41-239 62 0.17
Per 1 unit increase 4 1.40 1.23-1.58 0
Highest quartile/ 2 1.62 1.08-243 17

lowest quartile
All Cause Mortality Outcome

Reference Point No. of HR Low CI - 12 P

studies High CI (%) interaction
High and low cutoff 2 1.86 1.70-2.03 0 0.002
Highest quartile/ 3 1.32 1.08-1.60 51

lowest quartile
Cardiovascular Mortality
Outcome

Reference Point No. of HR Low CI - 12 P
studies High CI (%) interaction
Highest quartile/ 3 1.08 1.04-111 O -

lowest quartile

4. Discussions

The main findings from this study are as follows: (1) TyG index is
associated with an increased risk of MACE, MI, stroke, all- cause mor-
tality, and cardiovascular mortality outcomes (2) Subgroup analysis
revealed that the statistically significant increasing risk of MACE
outcome is seen in both older and younger population, male and female
population, diabetic and non- diabetic population, and only in popula-
tion with higher BMI (3) There are no statistically significant hazard risk
difference between the subgroups being studied (4) U- shaped phe-
nomena of TyG index and outcome risk is only seen in all- cause mor-
tality outcome.

TyG index is a comprehensive statistical tool used to evaluate insulin
resistance and had been shown to be highly correlated with HOMA-IR,
[13,23]. one of the go to markers for identifying insulin resistance.
However, due to the limitations of HOMA-IR, TyG index appears to be an
alternative solution due to its practical use and not being influenced by
insulin treatment and non- functioning beta cells of the pancreas[24].
Extending the results from previous studies that have associated TyG
index and incidence of numerous metabolic disorders,[25]. our results
further revealed the clinical significance of TyG index pertaining to
adverse clinical outcomes specifically in hypertensive population. Spe-
cifically, study by Hariyoglu et al. also found that patients with high
cardiovascular risk were associated with a higher risk of MACE[26,27].
Association of TyG index and hypertension occurs in part to the
increased adrenergic sympathetic system, over-activation of the renin
angiotensin aldosterone system, and enhanced sodium reabsorption
which also eventually lead to increased cardiac workload with vascular
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damage that eventually results in increased risk of cardiovascular dis-
eases[28,29]. In our study, we showed exactly the association of higher
TyG index and the increased risk of MACE, MI, stroke, and mortality.
Although how TyG index may enhance the prognostic value of indi-
vidual parameters of fasting blood glucose and triglyceride levels remain
unknown, several pathomechanism have been proposed. TyG index,
reflecting insulin resistance, may impose metabolic imbalance with
increasing inflammation and oxidative stress. This imbalances limit
glucose bioavailability and allows fatty acid metabolism to take place
which eventually lead to increased myocardial oxygen consumption[30,
31]. Insulin resistance may also affect both macro and microcirculation
through production of increased glycosylated products which will
impair endothelial function[32]. Insulin resistance also contribute to
platelet overactivation and induce thrombosis[33]. Insulin resistance
inducing hyperglycemia and dyslipidemia may also promote the initia-
tion and/ or progression of atherosclerosis[34]. Additionally, since
cardiovascular disorders occur due to the interaction of multiple risk
factors[35]., it is possible that the use of integrated parameters, such as
to TyG index, may have an additional prognostic value.

As TyG index relies on fasting triglyceride and glucose level, its level
can be theoretically influenced by patients’ dyslipidemia and diabetic
status. Proper management of such comorbidities may also be beneficial
in adding the prognostic value of TyG index[25]. In the subgroup
analysis of our study, we however showed that both diabetic and non-
diabetic status are associated with an increasing risk of MACE. This
finding revealed the prognostic role of TyG index is independent of
diabetic status. However, it is important to emphasize that the included
patients in our study had a well-controlled fasting blood glucose level.
Additionally, although insulin resistance is proposed to be more prev-
alent in menopausal women due to the reduced protective effects of
estrogen[36]., our study showed that both gender (male and female) are
associated with a similar increasing risk of MACE with an increasing TyG
index. Although the specific menopausal status in the female population
is unknown, the average age in the included studies suggest an older
population.

In this study, we also showed that TyG index can be useful in both the
older group and younger group despite a higher prognostic value in the
older group but there is a non- statistically significant difference be-
tween the groups. Younger age group is of particular concern due to the
tendency to overlook the adverse clinical outcomes associated with
cardiovascular risk factors, moreover, we found that only subgroup
population with higher BMI is associated with a statistically significant
result but not with the population with a lower BMI.

Interestingly, we found a statistically significant U shape phenomena
of TyG index with all-cause mortality but not with other clinical out-
comes. HOMA-IR, regarded as one of the more common insulin resis-
tance markers, has also demonstrated similar finding[13]. Low TyG
index may indicate either low fasting triglyceride and/ or glucose level
or improved insulin resistance. The associated increased risk of outcome
may occur possibly due to the earlier cause where low levels of both
parameters have been proven to be a risk factor for increasing adverse
outcome[37,38].

Despite most of the significant findings, there are several limitations
and recommendations to be acknowledged before implementing the
evidence derived from this study. The moderate to high heterogeneity
presented in some of the meta-analysis result may occur due to the
different in reference point used (especially specific dichotomous
outcome) in which the cutoff used in each study is usually defined based
on each study’s population. Hence, we addressed this by calculating the
pooled effect with a random effect model to account for this heteroge-
nous population. Secondly, we are not able to conduct subgroup analysis
in our pooled population based on the severity (grade) of hypertension
and based on the status of dyslipidemia as a comorbid. We hypothesize
that severity of hypertension can impact the prognostic value of TyG
index, however, future studies with more data are recommended to
prove this hypothesis. Thirdly, we are unable to demonstrate the
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 High and low cutoff
CuiHetal 06981 00563 443% 2.01[1.80, 2.24) u
Hu L etal. 06419 03075 13.7% 1.90[1.04,3.47)
LiCetal 11426 04239 83% 3131.37,7.20]
Zhang N et al. 0.3436 01267 33.7% 1.41[1.10,1.81) -
Subtotal (95% CI) 100.0% 1.84 [1.41,2.39] ©
Heterogeneity. Tau®*= 0.04, Chi*=7.93, df= 3 (P = 0.05), F=62%
Test for overall effect: Z= 4.52 (P < 0.00001)
3.1.2 Per 1 unitincrease
Hu L etal 05423 0.2422 7.0% 1.72[1.07,2.76) —
LiCetal 0567 02772 54% 1.76 [1.02, 3.04) —
Wan Y etal 0.2776 00884 527% 1.32[1.11,1.57) =
Zhang N et al. 0.3436 01085 35.0% 1.41[1.14,1.74) -
Subtotal (95% CI) 100.0% 1.40 [1.23, 1.58] ¢
Heterogeneity: Tau®*= 0.00; Chi*=1.86, df= 3 (P = 0.60); F=0%
Test for overall effect: Z=5.22 (P < 0.00001)
3.1.3 Quartile reference
HuL etal. 08755 04218 21.7% 2.40[1.05,5.49] P
Zhang N et al. 03716 01845 78.3% 1.45[1.01, 2.08) '.‘
Subtotal (95% CI) 100.0%  1.62[1.08, 2.43] s 2
Heterogeneity: Tau®*= 0.02, Chi*=1.20,df=1 (P=0.27), F=17%
Test for overall effect: Z=2.32 (P =0.02)

0.01 01 10 100

Favours [experimental] Favours [control]

Fig. 3. Association of TyG index with risk of stroke outcome based on different reference points used.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 High and low cutoff
CuiHetal. 06366 0.0511 76.7% 1.89[1.71,2.09) |
LiCetal. 1.3054 06863 04%  3.69(0.96,14.16) 1
Zhou et al. 0.5481 0.0936 22.9% 1.73[1.44,2.08) -
Subtotal (95% ClI) 100.0% 1.86 [1.70, 2.03] )

Heterogeneity: Tau*= 0.00; Chi*=1.69, df=2 (P=0.43); F=0%
Test for overall effect: Z=13.84 (P < 0.00001)

4.1.2 Quartile or Tertile reference

Ding W et al. -0.2877 0.0068 00%  0.75(0.74,0.76]
Pang etal. 0.2167 00065 746%  1.24[1.23,1.26) [ |
Zhou et al. 0.4447 016 254%  1.56[1.14,213] -
Subtotal (95% CI) 100.0%  1.32[1.08, 1.60] *

Heterogeneity: Tau*= 0.01; Chi*=2.03,df=1 {P=0.15); F=51%
Test for overall effect: Z= 2.77 (P = 0.006)

0.01 0.1 10 100

(A) Lowerrisk Increases risk
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ding Wetal. 0 0 Not estimable
Pang et al. 0.0733 0.0159 99.7% 1.08[1.04,1.11]
Zhou et al. 0.207 0.3081 0.3% 1.23[0.67, 2.25) 1T
Total (95% CI) 100.0%  1.08 [1.04, 1.11] .
Heterogeneity: Tau*= 0.00; Chi*=0.19, df=1 (P = 0.66); F= 0% =0 01 0=1 1:0 100’
Test for overall effect: Z= 4.64 (P < 0.00001) Favours [experimental] Favours [control]
(B)

Fig. 4. Association of TyG index with risk of (A) all cause mortality and (B) cardiovascular mortality outcome based on different reference points used.
prognostic value of monitoring the trends TyG index as a prognostic value. We also recommend to study the improved TyG index that in-
tool. Several studies have shown that TyG index is fluctuating over time corporates BMI, waist circumference, glucose tolerance, and other pa-
and a more robust measurement of this changes may have an additional rameters that have been researched previously. Additionally, due to the
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advancing of artificial intelligence in healthcare, the role of machine
learning in identifying high risk patients is also worth exploring. Several
studies have shown the potential of machine learning in detecting high
risk patients and hence, are promising for the development of better
healthcare. Machine learning can also aid in determining high risk
covariates in a statistical analysis that could help identify confounders
that might alter the conclusion of a study[39-41].

5. Conclusion

TyG index is a reliable prognostic marker of adverse clinical out-
comes in hypertensive patients and it can be utilized in population
despite their age, diabetic status, and gender.
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