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Background: Triglyceride-glucose (TyG) index has been reported to be associated
with various cardiovascular diseases in recent years. However, the conclusive
association between the TyG index and hypertension was not established in the
last meta-analysis. Furthermore, it remains unclear whether a linear relationship
exists between these two variables.

Methods: We conducted a comprehensive search of the CNKI, VIP, WanFang Data,
CBM, PubMed, EMbase, Web of Science, and The Cochrane Library databases up
until May 10, 2023, to identify relevant studies conducted in China. We used Stata
version 17.0 and Rstudio version 4.2.1 to analyze the data and assess the
association between the TyG index and the risk of hypertension, as well as the
dose-response relationship between these two variables. We will select either a
random-effects model or a fixed-effects model based on the results of the
heterogeneity tests and report 95% confidence intervals accordingly.

Results: In the end, our analysis encompassed 22 studies involving a total of
668,486 participants, comprising 12 cross-sectional studies and 10 cohort
studies. Meta-analysis results showed: Analysis of data from China revealed that
an elevated TyG index was associated with a higher risk of developing
hypertension, as indicated by an OR/HR of 1.36 [95%Cl (1.28-1.45) /> =69.0%
P <0.001]. Through meta-regression analysis of multiple covariates, we found
that study type, study region, sample size, database source, and study quality
score, the above five variables were able to explain 63.0% of the total
heterogeneity. The results of the dose-response Meta-analysis showed: The TyG
index has a linear relationship with the risk of developing hypertension, as
indicated by non-significant coefficients of higher-order terms in the nonlinear
model (P>0.05). The linear trend analysis showed that for every one-unit
increase in the TyG index, the risk of developing hypertension increased by
1.5 times [1.532 95%Cl (1.294, 1.813) P < 0.001]. However, this result is influenced
by the number of studies included in the dose-response analysis and requires
further corroboration.

Abbreviations

TyG, Triglyceride-glucose; HR, Hazard Ratio; OR, Odds Ratio; CI, Confidence interval;, HOMA-IR,
Homeostatic Model Assessment of Insulin Resistance; BMI, Body Mass Index; COVID-19, Corona Virus
Disease 2019.
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Conclusion: In the Chinese region, there was an independent association between TyG
index and the risk of developing hypertension, with a linear trend. However, the results of
the linear trend need to be corrected by the more number of related studies.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?

ID=CRD42023425836.
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Introduction

The incidence of hypertension varies significantly across the globe,
showing substantial differences. In the past 30 years, the prevalence
and absolute burden of hypertension have continuously increased in
low- and middle-income countries, including China and India—the
two countries with the largest populations in the world. Blood
pressure and hypertension incidence have been rising or have
plateaued at most (1-4). In China, as a representative of developing
countries, there is a vast population of middle- and low-income
groups. However, economic development and rapid urbanization
have led to a rapid transition in the epidemiological and nutritional
structure (3, 4). There is research showing that excessive sodium
intake is a severe problem in China (5). In addition, some studies
have suggested that for residents in rural areas of northern China,
especially, changing their unhealthy dietary habits and controlling
blood pressure are of immediate importance (6). These changes are
also considered the main reasons for the significant increase in
cardiovascular disease-related deaths and the continuous rise in the
incidence of hypertension in China over the past decade (7, 8). Since
the outbreak of COVID-19, hypertension and obesity have been
recognized as significant risk factors for exacerbation and
complications (9). Meanwhile, in recent years in China, the general
public has remained relatively indifferent towards hypertension,
despite it being the cardiometabolic risk factor that causes the
greatest cardiovascular burden in the country (8). Therefore, early
identification of possible hypertension groups, developing primary
prevention strategies, and delaying the onset of hypertension is
urgent. Diabetes, dyslipidemia, and being overweight or obese are
among the most common risk factors for hypertension (10). And
these risk factors are closely related to insulin resistance. Insulin
resistance can explain the association with hypertension in at least
the following ways: Overstimulation of sympathetic excitation (11),
Affects  the through
hyperinsulinemia (12), Significant effects on endothelial structure

renin-angiotensin-aldosterone  system
and function and immune dysfunction (13). And some patients
have insulin resistance in prediabetes or hypertension (12), so early
identification of the group with insulin resistance is necessary to
prevent the development of diabetes and hypertension. Previously,
the gold standard for assessing insulin sensitivity was the high
insulin-glucose clamp technique. However, this expensive technique
is not universally applicable to non-developed areas. To address the
issue of cost, the HOMA-IR index was primarily used in the past to
assess insulin resistance. However, the recent emergence of the TyG
index is expected to replace this index (14). It has been
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demonstrated that TyG index has a high sensitivity in identifying
insulin resistance and its ability to assess insulin resistance and
cardiovascular disease more comprehensively and conveniently
compared to HOMA-IR index (15). In addition, an increasing
number of studies have found that TyG index is closely related to
cardiovascular diseases (16). However, the previous research on the
association between TyG index and the risk of hypertension did not
provide a precise causal relationship, and the number of studies
included was relatively small. Additionally, subgroup analysis did
not receive an adequate explanation, and there was a lack of research
on dose-response (17). Indeed, in the past two years, there have
been many studies focusing on the association between TyG index
and hypertension in China. This has practical significance to
conducting the research for the Chinese region because the changes
in hypertension among populations in different regions of the world
vary considerably, and study outside of China is relatively scattered.
Therefore, we again performed a meta-analysis and conducted a
dose-response relationship study to provide a regional answer.

Methods

Our meta-analysis for this observational study was done under
the PRISMA (preferred reporting items for systematic reviews and
meta-analyses) statement (18) and MOOSE (meta-analysis of
observational studies in epidemiology) statement (19), and its
reporting criteria follow the comments of the DRMA reporting
guidelines (G-Dose Checklist) provided by Chinese evidence-
based medicine (20). The study protocol is registered on the
PROSPERO platform (International prospective
systematic reviews). Registration number: CRD42023425836.

register of

Search strategy

We searched Chinese and English databases for studies
involving the Chinese region separately, and we also referred to
the studies covered in the previous meta-analysis (17), which was
searched until May 10, 2023. The major database sources used in
this study include CNKI, VIP, Wanfang Data, CBM, PubMed,
EMbase, Web of Science, and The Cochrane Library. Medical
subject terms cannot be searched for Chinese databases, so we
mainly rely on comprehensive free terms for our search
operations, such as (1) Observational studies, Cross-sectional
studies, etc. (2) TyG index, Triacylglycerol-glucose, etc. (3)
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Hypertension. We utilize English databases and medical subject
terms for our search, for example (1) “Hypertension” [MeSH
Terms], etc. (2) Triglyceride-glucose [All Fields], etc. (3) “Cross-
Studies” [MeSH Terms], etc.
Supplementary File S1 for details regarding the search method.

Sectional Please refer to
There are no restrictions on the language of the study, but the
study must take place in China, and the subjects must be
“human” and not “animal.” We also retrieved the reference lists

of related studies to identify additional relevant articles.

Inclusion and exclusion criteria

Articles meeting the following criteria will be included in the
meta-analysis: Inclusion criteria (1) Study design: Observational
studies (Cross-sectional studies, Cohort studies, etc.). (2) Methods
and outcomes: Any study reporting associations between the TyG
index and hypertension. Exclusion criteria: (1) Studies conducted
outside of China; (2) Studies lacking relevant OR, RR, or HR
values for necessary outcome reporting; (3) Studies without direct
comparison of hypertension and the TyG index; (4) Studies
without reporting of any excluded confounding factors; (5)
Non-core journal papers published in Chinese databases; (6) The
journal where the study is published has been removed from the
database; (7) Repeatedly published articles, conference proceedings,
and reviews; (8) Special groups, such as pregnant women, children,
etc. Two researchers(AR Xu, QY Jin) independently screened the
studies and discussed and resolved the controversial ones.

Data abstraction

Two researchers(AR Xu, QY Jin) independently extracted the
study data using the same Excel spreadsheet. Any elements that
generated controversy were referred to the third researcher(Q Fu)
for discussion and resolution. The content of our subgroup
analysis had been predetermined in advance, and thus, our main
extracts included: (1) the First author’s name and publication year
of the study; (2) the specific region in China where the study was
conducted; (3) the study design; (4) participant characteristics; (5)
mean age (calculated for studies where age was not provided); (6)
male to female ratio, along with corresponding effect sizes and
intervals (only studies with relevant reports were extracted); (7)
sample size. (8) Report format, cutoff value, and effect size with
95% confidence interval for TyG index {for studies that did not
provide continuous variables, the effect sizes were obtained by
reasonable selection or combination}. (9) Mean BMI {no studies
providing mean BMI, obtained by calculation}. (10) Content of
adjusted confounders. (11) Relevant data for dose-response analysis.

Quality assessment
Two investigators (ZS Shen, JQ Zhang) independently

evaluated the results of the included studies and the final meta-
analysis, in which studies that were too controversial were
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referred to a third investigator (Q Fu) for discussion and
resolution. Only two study types, cross-sectional studies and
cohort studies, were ultimately included in this paper. Due to
different types of studies requiring different assessment scales,
therefore, the cross-sectional study was evaluated with The
Agency for Healthcare Research and Quality (AHRQ) scale (21),
which consists of 11 evaluation segments and specifies a
maximum score of 11. The cohort study was assessed using The
Newcastle-Ottawa Quality Assessment Scale (NOS) (22), with a
maximum score of 9. There were differences in the total scores
of the two scales, and in order to standardize the evaluation
criteria for study quality, we subsequently converted the scores of
all studies to a total of 10 points. Finally, we evaluated the final
evidence quality of the meta-analysis using the GRADE (23) (the
Grading of Recommendations Assessment, Development and
Evaluation system) rating scale, which is divided into four levels
including: high, moderate, low, and very low.

Statistical analysis

We performed statistical analysis of study data using Stata
version 17.0 and Rstudio version 4.2.1. We extracted continuous-
type variables, including OR, RR, HR values, and their 95%
confidence intervals for all studies after adjusting for confounders.
We first combined the effect sizes of all studies and selected either
a random effects model or a fixed effects model based on
heterogeneity. The combined heterogeneity was assessed using
Cochran’s Q statistic and I? statisticc, where P<0.0001 was
considered heterogeneous (24). The level of heterogeneity was
assessed using I> and H statistics, where I*<50% indicated mild
heterogeneity, I°>75% indicated high heterogeneity (25), H=1
indicated no heterogeneity, H < 1.2 indicated homogeneity among
studies, and H>1.5 indicated heterogeneity among studies.
Galbraith plots were also used to detect heterogeneity. Afterward,
we conducted meta-regression analysis and subgroup analysis to
explore the between-group differences and sources of
heterogeneity. Subgroup analyses were determined a priori,
including region, study type, age, gender, sample size, database
source, mean BMI value, population characteristics, and study
quality score. We then used Egger and Begg tests and visual
inspection of funnel plots to assess the presence of publication
bias (26) and the trim-and-fill method (27) to determine whether
the resulting publication bias had an impact on the analysis
results. Finally, we used a case-by-case elimination method to
determine the stability of the final analysis results. We also
extracted studies that were able to enter the dose-response analysis
and first performed effect size pooling and exploration of
publication bias similar to that described above. Afterward, the
lowest dose was used as the control group, while studies that did
not provide an exposure dose used the median of the proximal
interval as the established dose. The nonlinear model of dose-
response was constructed using a three-node restricted cubic spline
function (three nodes with positions of 10%, 50%, and 90%) and
the generalized least squares estimation method, and the two were
tested for association and whether they were linearly related by the
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Wald method. If P<0.05 indicates that the two are related after
passing the regression coefficient of each sample bar of the test. If
P>0.05 after testing the coefficients of the higher-order terms in
the model, it indicates that the two are linearly related. Finally, we
fitted a linear fixed-effect dose-response model and plotted it.

Results
Literature search

According to a predetermined search strategy, we obtained a
total of 717 pre-screened studies by searching Chinese and
English databases. After briefly reading the abstracts, we excluded
duplicate publications and articles that did not meet the
inclusion criteria. We then read the remaining 29 studies in
detail and excluded studies reporting unclear results, incomplete
content, or those that did not directly address the association
between TyG index and hypertension. Ultimately, 22 studies
were included in our meta-analysis, as shown in Figure 1.

10.3389/fcvm.2023.1242035

Study characteristics and quality evaluation

Ultimately, we included a total of 22 studies involving 668,486
participants, including 12 cross-sectional studies (28-39) and 10
cohort studies (40-49). The participants were mainly from the
general population in urban or rural areas, and a few studies
mentioned special occupational groups. All studies declared that
they had excluded certain specific diseases (such as diabetes) and
did not emphasize whether participants had any specific medical
conditions. The mean age of participants ranged from a
minimum of 40 years to a maximum of over 60 years, and their
mean BMI was generally in the normal range or slightly high.
The sample size ranged from 381 to 298,652. The effect sizes and
confidence intervals of TyG indices in some of the included
studies were reported in the categorical form in some articles.
There was a lack of reporting on continuous variables, so we first
selected an appropriate effect value as a continuous variable. The
requirement for its selection was that it should not be too
extreme and needed to be representative while preferring to
select a small effect size as a representative. Secondly, if none of

English database (n=379) ’ ‘ Chinese database (n=338)
=} .
= PubMed (n=138) Cnki (n=258)
.z.% EMbase (n=34) WanFang Data (n=25)
= Web of Science (n=201) Vip (n=43)
—_§ The Cochrane Library (n=6) CBM (n=12)
Total number of initially included studies (n=717) Duplicate published articles (n=232)
o y
.5
5 Early screening (n = 485) Research area is o‘utsidc of China (n=10) '
g The study population already has hypertension or
197} other accompanying diseases (n=252)
Special populations, such as pregnant women,
children, etc (n=9)
Review study (n=4)
TyG index is not the research objective (n=6)
Studics that havc not been indexed (n=17)
non-core journals from Chinese databases (n=158)
£z
s
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= ] Excluded by the following reasons (n=7)
Full-text articles assessed for (@Lack of necessary data in studies (n=3)
eligibility (n=29) @TyG-BMI composite index (n=3)
®No comparison of the relationship
between 1'yG index and hypertension
(n=1)
Final studies included in the
§ analysis (n=22)
2
B
|
Studies from Studies from
English database Chinese database
(n=15) (n=7)
FIGURE 1
Flow diagram of the literature search and selection.
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the effect sizes of the classifications in the study were
representative, they were combined and then used as the
continuous-type variable for the study. After conversion, the
minimum quality of the articles was 4.55, and the maximum
quality was 8.89 on an evidence quality evaluation scale of 10
out of 10, with most of the articles scoring above 7, indicating
that the included studies were generally of good quality. Refer to
Table 1 and Supplementary File S2 for more information.

Meta-analysis results

After including continuous-type variables from 22 studies and
performing a meta-analysis, we found that elevated TyG index
increased the risk of developing hypertension, or that this would
result in significantly higher blood pressure in patients [OR/HR =
1.36 95%CI (1.28, 1.45), P <0.001, Figure 2A].

In the heterogeneity test results, we found that H=1.8>1.5,
P<0.0001, I’=69.0%, indicating moderate heterogeneity in the
Additionally,
considering the Galbraith plot, we identified a few points falling

meta-analysis (Supplementary File S3). when
outside the confidence interval of the regression line, providing
further evidence of some level of heterogeneity (Figure 3). In order
to identify the source of heterogeneity, we conducted pre-specified
subgroup analyses and meta-regression analyses. Through meta-
regression analysis, we found that in the regression analysis of
individual covariates, study type, study region, mean age, gender,
sample size, mean BMI, database source, and study quality score all
had an impact on the final results, leading to inter-group
differences (P <0.0001). This indicates the need for subgroup
analysis. Based on the results of individual covariate regression
analysis, we found that study type, study region, sample size,
database source, and study quality score may be sources of
heterogeneity. Therefore, after including these variables in the
multiple covariate regression analysis, we found that the results
were statistically significant (P =0.007). The heterogeneity among
studies decreased from tau’=0.0122 to tau’= 0.002693, indicating
that the introduction of these five variables explains 63.0% of the
total heterogeneity. Additionally, I* also decreased to 10.63%,
indicating that the remaining heterogeneity among different studies,
relative to the unexplained variation, is 10.63% after the inclusion
of these variables. This suggests that the heterogeneity is associated
with these five variables. Finally, no type I error was found in the
test using the Monte Carlo permutation method. Please refer to
Table 2 and Supplementary File S3 for detailed information.

Study type may be a source of heterogeneity, with significantly
lower heterogeneity results in cohort studies and higher
heterogeneity results in cross-sectional studies (Figure 4A). Sample
size may also be a source of heterogeneity (Figure 4B), and we
found that the gradual increase in sample size led to a significant
increase in heterogeneity between studies, possibly because the
increase in sample size led to a similar increase in confounding
factors between individuals. Perhaps after controlling for a certain
sample size, the results between studies will stabilize.

We found a relatively large publication bias (Figure 2B and

Supplementary File S3) by the funnel plot of visual inspection
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and Egger’s linear regression method with P=0.002. We
speculate that the publication bias may stem from the regional
nature of the study, as this study was based on the Chinese
region. To assess the potential impact of publication bias on the
results, we applied the trim-and-fill method to deal with
publication bias. Finally, under the fixed-effect model, we found
that the estimate before filling was 0.239 [95% CI (0.210, 0.268),
P<0.001], and after filling, the estimate was 1.245 [95% CI
(1.211, 1.280), P<0.001] (Supplementary File S3). This indicates
that although there was a shift in the trim-and-fill results, it was
still statistically significant. This suggests that publication bias,
although present, has little effect on the meta-analysis results,
and the study results remain robust. Ultimately, we performed a
sensitivity analysis of the study using the one-by-one exclusion
method, which showed little change, and the results of the meta-
analysis were stable (Supplementary File S3).

Results of dose-response relationship
analysis

A total of six articles were included in the dose-response
analysis (29, 34, 40, 42, 43, 45). After conducting a meta-analysis,
the results showed[OR/HR=1.30 95%CI (1.20, 1.41) P=0.142]
(Figure 5A). These findings are generally consistent with the
previous analysis results. After fitting a fixed-effects model, the
heterogeneity results of the meta-analysis were relatively small
(I*=39.5%, P=0.142, H=1.3). Using the same method, we
found that publication bias still existed (Egger’s test P=0.021,
Figure 5B). After applying the trim-and-fill method based on the
fixed-effects model, the before and after results changed but
remained statistically significant (Supplementary Figure S3).
This indicates that the meta-analysis results are still robust. After
the non-linear test of the relationship between TyG index and
hypertension using the Wald method to test the coefficient of
higher-order variables in the model, the P-value was 0.48, which
indicates a linear association between the two (Supplementary
Figure S3). Therefore, fitting a linear fixed-effect dose-response
model yielded the result of 1.532 [95% CI (1.294, 1.813)
P <0.001] (Supplementary Figure S3 and Figure 6), indicating
that for every one unit increase in TyG index, the risk of
developing hypertension increases by 1.5 times.

GRADE Rating Results

The initial quality rating of the results of the observational
study meta-analysis was low, but the grade of the results could
be upgraded by one level due to the presence of a dose-response
relationship, as detailed in Figure 7.

Discussion

Cardiovascular disease is the leading cause of death worldwide,
with most deaths due to coronary heart disease or stroke caused by

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1242035
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

10.3389/fcvm.2023.1242035

Xu et al.

(panunuo))

(s=100s
pauaAUOD)
(L)
OYHV/(6)SON

paisnipe ss|qeliep

sjuedidiyed
JO JaquinN

(%)
e

(s1eak)
abe
ues\

sjuedidiyed
JO sdnsuaeIRYD

'S3IPN3S |_UOIIBAISSAO PapN|dul 3y} Jo sonsiuddelieyd T 379VL

ubisap
Apnis

eale
Apnis

(€6T'8)o1ewdy (S8%'8)
SISBASIP OTUOIYD ‘SISIIIIXD S[ewr Jond (11°7-£T'1)
‘saniande ‘Sun[uLIp [oyode ‘Gunjows JuILMd €9°'T snonunuoy)
(8L°L) L <ooe[d aAI[ ‘snje)s [EJLIRUI ‘S[2AJ] [EUONEINPS DTV 68°7C (auoN) pazroSaje) Y 1'9% < uonendod [ersuan Apmys y10yoD | apmauoneN | ¢gog 1T Sutbng
- Jomd (L' 1-81°T)
7€' snonupuo)) BUIYD) JSEIYLION 'ury)
(68'8) 8 Apruyyg gepusn 98y 9¢HT (suoN) pazrro8are) ¥.6F 687 8T'TS Jo seare [eint uonemndod [erousn) Apmys 10100 URYION | 1707 nX Kuerd)
suqey SupfuLp
‘syqey Sunjowss YIH2 YHM LSV LTV - Jgomd (15°1-81°T)
TINE ‘d9d “ddS ‘s8nip druA[SodAy ‘WAZL €€'1 snonunuo) Apms
(9€9) £ 30 £10381Y “SAD JO A10)8TY “TOpUSD) IYULd 98y yTVT (suoN) pazii03a3e) 16S€H 1°0€ 1445 (0v<) uonemdod [erousny | [eUONO3s-$SOID) | ApIMUONEN | 0Z0Z NYZ ONIUIg
- Jomo (LS 1-€T°T) (s¥<) suoneziuedio JUIUIUIAOS
erwapidifsAp A11s2qo ‘os119%d 6€°1 snonupuo)) [ed0] 10 saruedwod ‘sjooyds 'uy)
(68'8) 8 Sunjurp ‘Sunjowrs ‘uoneonpa “Ipuan) 98y 8THT (suoN) pazrr03a1e) PETF GG w6h Jo saakodurs uonemdod [erouan Apmys 310100 uyIoN | ¢z0g Suoq Sur(
- Jormd (€€T-€0'T)
NQd ‘vQ ‘O-1aH GG'1 snonupuod BUIYD eoc
(£99) 9 O-1AT DL LTV ‘LOD-4 TING 98y 1opuen ¥6'CC (10:%D) pazuodare) 209 (44 1T6¥ s191oea} 9397100 £pmys 110y0D wIanog nyz Surfueny
70°L Jomo (11°¢-ST'1)
asoon[g poorq Sunsey D-1qT 88T snonunuo) JuapISaI Apmis eumyD €70T
(81'8) 6 ‘sap1122A[311) “WIf0I2)sa[0Yd 8303 ‘dd( ‘dds 98y 10°ST (1O:ZD) paziodare) 18¢ Tov 75°SS jusueursad uonendod [erousn) | [eUONIS-SSOID) WISYLION uer], arBury
194 21VqH DL D-1d1 ‘uelord
12103 ‘uIqo[Soway ‘QYDSY ‘Pre o1N ‘N
ID? sy sajeqerp 9jerpAyoqies ‘urpjord
9eJ Jo aejur Ar1ejarp ‘wonednddo ‘wonesnpa - Jomd (1€ 1-%0'T)
‘STJE)S [eILIBW 9OUR)SISAT UeqIn ‘uordax ,wnﬂﬁ:v LT'T snonunuo) euryD
(68'9) 8 ‘Bupjowss ‘dgq ‘d9S YHM ‘TG 98V B9puweD | 67T (10:%D) pazuodare) 009 LYy 01’8 uonendod [e1ouan Apms 31040 unyINog €207 08D 1O
- Jomd ($0°T-81°1)
o) 6°T snonunuo) eund
(8LL) L ~IAH O-1a71 DL ISV LTV TINg “Tepuan 28y 60¢ (10:6D) paz108a3e) LYEY X1 08's€ (08-81) uonemdod [eauan Apms 310y0D wIayIoN | €207 Sueyz mif
qao° - Jomd (€6'1-91°T)
‘g-ody ‘Ty-ody O-1QT D-IAH DL DL ‘1OD 671 snonunuoy Lute) L10T
(8LL) L -4 LTV LSV VO ‘Ddd IO ‘NNd OM ‘TNd | 9¥'TC (10:%0) pazuodare) 989% 819 1507 (08-07) uonemdod eraua Apms 1104oD wynog | uayz SuorlFuoy
D-TAH DI ‘uoisuairadLy
Jo L10351y ATranrey pue Ajianoe [esrsdyd - Jomd (LS’ 1-80°T)
Gunyurip [oyoore ‘Sunjows dwodur A[uowr 0€'T snonunuo) uonemndod 'unyD
(8LL) L ‘[PA3] [EUOLEONPS ‘SMJE)S [BILIBW D3y IIPUDD) €5°€T (1070) paz108a3e) 60€°0T §6¢ 00'8¥ [em1 uonendod [e1ausn Apmis 11040D) uIdYMON | €707 oeyz Suex
O~IAH O-1AT DL DM SAAD Jo L1031y
‘erwapIdifsAp ‘sajoqerp ‘ooueInSUI [EJIPIW - gomd (z8°1-2¢'1)
Suraey Gunjuup ‘Sunjows ‘Qurodur proyasnoy 6F'1 snonunuo) (5£-5€) syruowr x1s Surpasaoxa Apmis euyD €20T
(LTL) 8 [enuue Taurrey SfeLLEW IIpus) 98y 8'€T (1OF%0) pazu03a3e) SHST6 6'8¢ 0L€s | owm souspisar uonemdod [eousn | [eUONY3s-s50I1D uaynos | Susg Surzueq
- Jomd (0£°1-L9°0)
SIVEH 0T'T snonunuo) (08-0¥) a[doad A[1app pue Apras T20C
(9€9) £ V0 D€ O-1AT D-IAH ‘DL DL “pudd 98y | 8I'€T (suoN) paz1108a1eD) 660'S 99¢ 8LLS pae-appprw uonemdod [eroudD | [eu0ndDs-$501) | dpImMuOnEN on Sudgdury

frontiersin.org

06

Frontiers in Cardiovascular Medicine


https://doi.org/10.3389/fcvm.2023.1242035
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

10.3389/fcvm.2023.1242035

Xu et al.

‘QAD ‘unnsul poolq Bunsey

‘SMNBW S919GeId ‘WA ‘OheY WYBIBH-01-1SIeM "HIHM 'SMiaw sa1aqelp g 3dAL ‘Wdgz.L ‘9seasiq Jeindseaoipied

‘|94 ‘U19¥0ld 2AndRaY-D ANAISUSS UBIH ‘dy¥DSY ‘2inssaid poolg dnoiselq ‘dgd ‘ainssald poolg dN0isAS ‘dgs ‘oney diH-03-iSIepn ‘YHM ‘ejed uonelyy Jejniawolb payewnsi ‘Y4oHo ‘g uyoidodinody

‘g-ody Ty uiejoidodnody ‘Ty-ody ‘asessjsuel] jAwein-ewwen ‘[HO-A asessjsuenoullly auluely Iy ‘eseulwesues] djeyiedsy ISy 9S0dN|D ewseld Bunseq ‘Dd4 ‘duiuneasd 4D (UsboiIN BN Poolg ‘NNG @dusaundild
1SIBM ‘DM ‘XopU| ssely Apog ‘|INg ‘UlqoiBowsH paiedAlD) “OTYgH ‘PIOY dUN ‘YN ‘@s0oNiH poolg bunseq ‘Hg4 fJosaisajoyd uigyoidod) Aysusp-moT ‘D-1aT Jodeisaioyd ueyoidodi Aysusp-ybiH ‘D-1aH @puadkibul ‘D joiaisa1oy 1830 ‘D1

(s2402s
pauaAUOD)
(L1)
OYHV/(6)SON

paisnipe sajgeuep

siskjeue xapul DAL

sjuedidiyed
JO JaquinN

(%)
SleiN

(s1eaKk)
abe
uesy

8£€'8 PO (€' 1-0T'1)
ST snonunuo) Apmys euryD
(9€9) £ AN ‘[oyodre ‘Sunjows ‘[N “Iopusn) 98y 7T (1OF0) paziro3are) ¥.7°¢€ 69% (X114 (81<) uonemndod [erousn) [BUOI}3S-SS0ID) uynos | 7zog Sueyyz urg
- Jomd (65’ T-11°T)
v OL TNG ‘“Aanoe [eorsiyd €€'T snonunuo) uitie] 120
(68'8) 8 uondumsuod [oyode ‘snyeys waﬂoﬁm ‘I9puan) QUON (10%0) ﬁostowmumu 186°€T LS 09°€y uonendod [erousn) >ﬁ=um 1oyo) UIdYMON Suepy ueuony
urajord
aanora1-) Ayanisuas ysiy O-1AT O-1dH OM - JJomd (85 1-€€°T)
TING ‘uondumnsuod [oyod[e 9sn 035eqo) ‘snjejs GF'1 snonunuo) Apmys
(81'8) 6 SIWIOUOId ‘UOTIEINPI VOUIPISAI Iopudn) 8y QUON (suoN]) paziroSare) 607‘8 0Ly 00°65 (s¥<) uonemdod [erouan [eUOI}D3S-SSOI) | dpIMUONEN | €707 UeysS IAIys
aejur jes
9ATSS90%2 “uorsualIadAy Jo roisty Aqrwrey “1qy - gomd (9% 1-%0°1)
“IQH 0193890 [e30) ‘uondumsuod [oyodre €7'T snonunuo) euIly)
(68'8) 8 ‘smye)s upjows ‘Aoruyd TG 98y I0puID | pSTT (suoN) pazuo3aze) $05°S LSy 06'CH uonemdod [erausn Apmis 110y0D upYINOS | 7707 UenT A
Supjuup s3uq - Jomd (L6'T-56°0)
‘A103s1y Sunjowrs Aysaqo [eurwopqe ‘NG O 89’1 snonunuo) Apmys euryD
(9€9) £ ~1a7T O~1AH ‘D4d D1 D1 9sind 1opusn 9By {5844 (duoN) pezuroare) €6L91 '8¢ 0¥’ 1S (5£-81) uonemdod [e1oUsD) | [BUONIS-SSOID) UWIBYMON | ZT0T 18D uerd
(65'8)o10Wdy (¥0°6)
Jwoour A[Iurey pue snjejs [ejLreur Srew Jomd (16'1-%6°0)
[2A3] Teuoneonpa ‘uorsualradAy jo A1ojsty Aqrurey F¢'T snonunuo) (0%<) sypuowr x1s SurpaaIxd Apmis euny)
(9€9) L 10pudn) Bunjowss YWHM YHM TNG 8V | 78'%C (10:%D) pazuodare) LLL ey 7809 | awm 2ousprsar uonemdod [erouan | reuondas-sso1)y uwPynog | £107 uel( Suog
S8'8 JoIo (17°Z-01°'1)
96'T snonunuo) Apmys lutie} TT0T
(LTL) 8 YH? Sunjuup Sunjows TNg 1opusD 8y 8'€T (TO:€D) paz103a1E) 759°86¢C 6'T¥ 80°L¥ uonemdod [e1oUs) | [BUONIS-SSOID) uIynog Suer( 158Uy
- gomd (11°2-%0°T)
8F'1 snonunuo) Aprus euryD €707 uewImo
(Ss%) ¢ VN TAE Sunjowss Gepuen 98y | LTHT (TOFD) paz1103a1ED 91€T ¥'79 60°€¥ SIN{IOM PPRY[IQ | [BUONI3S-SSOID UIYIION LLVAIIHNIN
- Jomo (15°1-92°1)
INg pue 8¢’ snonunuo) JudpIsaI Apmys 120T
Gm.ov L ‘snjelis Tejrrewr AWEEEH@ Awﬁ.&oaw Quﬁﬁuo Aum< €97 :O&uov ﬁ@NﬁowuumU mmméﬁ Ty 09’19 juauewrd g ﬁoﬁﬁzmom [erouan) [eU01133s-SS0ID) pmuoneN mﬁmh—N urwoq
61°8 JoId (9T 1-S0'T)
11T snonunuo) Lpmys Te0T
(81'8) 6 1puan pue 23y €T (1O70) pazu08a3e) 950°LTT (454 00'T% uonendod [eISUID | [BUOND3S-SS01D) | IPIMUONEN Suay) Mua M

sjuedidl
JO sansuRIRYD

ubisap eale
Apnis Apnis

panunuo) T 379vVL

frontiersin.org

07

Frontiers in Cardiovascular Medicine


https://doi.org/10.3389/fcvm.2023.1242035
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Xu et al.

10.3389/fcvm.2023.1242035

A

Study
[}

Lingfeng Luo 2022
DanYing Deng 2023
Yang Zhao 2023
Rongjiong Zheng 2017
Jiwei Zhang 2023

Qi Gao 2023

Yingjie Tian 2023
Yuanjing Zhu 2022
Jing Dong 2022
Binruo Zhu 2020
Qianyi Xu 2021
Yuqing Li 2023

Wenke Cheng 2022
Fomin Zhang 2021
MUHEIYATI Guliman 2023
Mingfei Jiang 2022
Song Jian 2017

Qian Cai 2022

Wei Luan 2022

Shiyi Shan 2023
Ruonan Wang 2021
Xin Zhang 2022
Overall (I-squared = 69.0%, p = 0.000)

NOTE: Weights are from random effects analysis
T

OR/HR (95% Cl)

1.10 (0.67, 1.70)
149 (1.22,1.62)
1.30 (1.08, 1.57)
1.49 (1.16, 1.93)
1.55 (1.18, 2.04)
147 (1.04,1.31)
1.88 (1.25,3.11)
1.55 (1.03, 2.33)
1.39(1.23,1.57)
1.33 (1.18, 1.51)
1.32(1.18,1.47)
1,63 (1.27,2.10)
1.11(1.05,1.16)
1.38(1.26, 1.51)
1.48 (1.04,2.11)
1.55 (1.09, 2.21)
1.34 (0.94,1.91)
1.68 (0.95, 2.97)
1.23 (1.04, 1.46)
1.45 (1.33, 1.58)
1.33(1.11, 1.59)
1.52(1.20,1.92)
1.36 (1.28, 1.45)

Weight

1.58
4.79
5.07

3.41
6.89
1.63
1.93
6.72
6.69

3.73
8.42

241
244
242
112
544

5.24
4.06
100.00

FIGURE 2

5

standard error of INnOR/HR

(A) forest plot of the association between TyG index and the risk of hypertension. (B) Funnel plot of the association between TyG index and the risk of
hypertension. OR: Odds Ratio; HR: Hazard Ratio.
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Galbraith plot of the association between TyG index and the risk of
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hypertension, with more than three-quarters of these deaths
occurring in low- and middle-income countries (1). China has a
large number of low- and middle-income groups, which varies
significantly by region. Although the country has spent several
years promoting and disseminating primary prevention strategies
for hypertension, it seems that the subsequent effects are not
satisfactory in the population (7, 8). In China, it is important to
be able to easily, conveniently, and quickly identify groups at
high risk of developing hypertension. Then the recent emergence
of TyG index as an early predictive alarm indicator of
hypertension will become valuable. The previous meta-analysis
partially reflected the relationship between TyG index and
hypertension to some extent. However, the limited number of
included studies (5 studies from China, a total of 8 studies) has
led to limited interpretation of the results in subgroup analysis
and regression analysis. Additionally, the source of heterogeneity
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was not identified, and no dose-response analysis was conducted.
This directly resulted in a lack of sufficient evidence to support a
definitive conclusion in the final results (17). In the past two
years, the number of relevant articles from China has
significantly increased. In comparison, research from other
regions of the world is relatively scattered and limited in
quantity. For example, studies are distributed in developed
regions such as Europe, Japan, and South Korea, as well as
developing regions like African countries. However, the average
blood pressure and prevalence of elevated blood pressure in
high-income regions have significantly decreased. In contrast,
blood pressure in East Asia, South Asia, Southeast Asia, Oceania,
and Sub-Saharan Africa has shown an upward trend (3, 4). So,
studying the relationship between TyG index and hypertension
in low- and middle-income populations in East Asia has clear,
practical significance. Therefore, this study directly focuses on the
population in high-prevalence regions of hypertension (China) to
analyze the association between hypertension and TyG index.
This approach can provide a more clear and specific result. Also,
unlike previous meta-analyses that took values for variables
included in the studies, the continuous variables we obtained
were basically from the average rather than the highest level of
each study, which helped to ensure that the results were not
overly magnified.

Based on the results of our observational study’s meta-analysis
and dose-response analysis, we found a significant and linear
association between TyG index and the risk of hypertension or
the risk of elevated blood pressure in China [1.532 95%CI (1.294,
1.813) P<0.001]. Regarding the stability of the research results,
based on our analysis during the result reporting process, we
have found that although publication bias exists, it does not
affect the results. Additionally, there was little change in the
results after conducting a sensitivity analysis. Although the
results of the meta-analysis showed

some heterogeneity
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TABLE 2 Summary of results from the subgroup analyses and regression analysis.

I? (%)

Subgrouped by | No. of studies | OR/HR (95%Cl)

P (overall effect)

P (Single covariate) | P (Multiple covariates) = 0.007

Study design 22 1.36 (1.28-1.45) 69.00 <0.0001 <0.0001 0.231
Cross-sectional study 12 1.39 (1.25-1.54) 79.50 <0.0001

Cohort study 10 1.33 (1.25-1.41) 18.30 0.274

Study area 22 1.36 (1.28-1.45) 69.00 <0.0001 <0.0001

Southern China 8 1.35 (1.23-1.48) 28.90 0.197 0.133
Northern China 1.37 (1.28-1.46) 0.00 0.747 0.731

Nationwide 6 1.33 (1.16-1.52) 88.90 <0.0001 0.684 0.333
Participants 22 1.36 (1.28-1.45) 69.00 <0.0001 0.069

General population 20 1.36 (1.27-1.45) 71.30 <0.0001 0.553

College teachers 1 1.55 (1.03-2.33) — —

Qilfield workers 1 1.48 (1.04-2.11) — — 0.887

Mean age 21 1.35 (1.27-1.44) 68.70 <0.0001 <0.0001

<45 7 1.34 (1.17-1.52) 71.70 0.002 0.803

45-50 5 1.31 (1.18-1.45) 33.60 0.197

>50 9 1.39 (1.33-1.46) 0.00 0.649 0.428

Gender 20 1.41 (1.29-1.55) 79.80 <0.0001 <0.0001

Male 10 1.38 (1.22-1.55) 78.00 <0.0001

Female 10 1.46 (1.26-1.70) 83.10 <0.0001

Sample size 22 1.36 (1.28-1.45) 69.00 <0.0001 <0.0001

<4,000 5 1.52 (1.31-1.76) 0.00 0.851 0.137

4,000-10,000 9 1.35 (1.26-1.45) 44.90 0.069 0.557 0.887
>10,000 8 1.33 (1.19-1.48) 78.40 <0.0001 0.276
Mean BMI index 20 1.36 (1.27-1.45) 66.70 <0.0001 <0.0001

<229 1.38 (1.22-1.56) 54.70 0.051

22.9-239 1.31 (1.12-1.52) 67.50 0.009 0.382

>23.9 1.37 (1.30-1.44) 0.00 0.851 0.839

Database 22 1.36 (1.28-1.45) 69.00 <0.0001 <0.0001 0.782
English database 15 1.37 (1.27-1.49) 77.40 <0.0001

Chinese database 7 1.32 (1.23-1.43) 0.00 0.605

Scores 22 1.36 (1.28-1.45) 69.00 <0.0001 <0.0001

<7 8 1.38 (1.29-1.47) 0.00 0.90 0.215 0.363
7-8 6 1.47 (1.33-1.62) 0.00 0.763 0.056

>8 8 1.30 (1.17-1.43) 83.40 <0.0001 0.101

Table interpretation: In the regression analysis of a single covariate, we stratified the variable. If the number of layers of variables exceeds two, the dummy variable method
is needed for regression analysis, and one dummy variable will become the reference and be omitted, resulting in a missing value. If variables can be quantified, such as (0, 1),
regression analysis can be performed directly to obtain an overall analysis result, also resulting in the missing values for quantified variables. In regression analysis with multiple
covariates, only five types of factors are included and further explain the source of heterogeneity, so other factors are missing values. Similarly, certain included factors will be
divided into dummy variables, and one dummy variable will be omitted, resulting in a missing value. (Supplementary File S3 for details).

(H=1.8>1.5, P<0.0001, Iz=69.0%), we later found through
regression analysis that the partial heterogeneity was due to the
study type, study region, sample size, database source, and study
quality score, and these five variables can explain 63.0% of the
total heterogeneity.

According to the results of the regression analysis, the study
type, study region, mean age, gender, sample size, mean BMI,
database source, and study quality score have an impact on the
final results, and subgroup analysis is required. In subgroup
analysis, the north-south difference in China has a relatively small
impact on the results, but its impact on the northern region is
slightly higher than that on the southern region, which may be
attributed to the fact that blood pressure is generally higher in the
population of northern China than in southern China (6). In the
subgroup analysis of the average age of the participants, we found
that in the older age group, the association between TyG index
and hypertension is more pronounced[1.39 95%CI (1.33, 1.46)
P<0.001]. In the subgroup analysis of gender, we found that the
association between TyG index and hypertension is more
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pronounced in the female group. This may be because the average
age of the participants in this study was around 50 years old, and
there is study has shown that the prevalence of hypertension in
women before menopause is significantly lower than in men, but
after menopause, the prevalence doubles, and is significantly
higher than in premenopausal women and age-matched men (50).
This may be because after menopause, women’s hormones and
lipids change, which promotes arterial stiffness and vascular
inflammation, leading to high blood pressure (51) while making
their relationship with TyG index more closely related. In the
subgroup analysis of average BMI, we did not find significant
differences between the subgroups, which may be because most of
the included studies had already excluded the confounding effects
of BMI.

In the present study, the ability of the TyG index to predict or
monitor hypertension is mainly attributed to its effectiveness in
reflecting the degree of insulin resistance. The relationship
between insulin resistance and elevated blood pressure can be
discussed from the following perspectives: @ (11-13, 52, 53)
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Dose-response analysis plot for the association between TyG index and
risk of hypertension. OR: Odds Ratio; HR: Hazard Ratio.
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The prevailing view in most theoretical studies is that
compensatory hypersecretion of insulin by pancreatic Beta-cells
in the early stages of diabetes can result in hyperinsulinemia,
which can hyper excite sympathetic nerves. It has also been
found that during hyperinsulinemia, insulin is able to cross the
blood-brain barrier and stimulate central nerves to exert
sympathetic excitation. Subsequently, sympathetic excitation
increases the secretion of renin, which raises blood pressure by
increasing peripheral vascular resistance and cardiac output.
Importantly, in the case of concomitant hypertension, the
patient will experience further increases in the sympathetic
response to insulin, leading to a vicious cycle of continuously
increasing blood pressure. @ (12, 13, 53) Hyperinsulinemia
promotes sodium reabsorption by opening the Na'/H"
tubular

promoting the deposition of intrarenal hyaluronic acid and

transporter expressed in renal cells while also
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lipids, which further increases intrarenal pressure. This leads to
impaired urine outflow and reduced tubular flow, which in turn
increases body fluid volume and drives hypertension. @ (11, 12)
In the middle and late stages of diabetes, insulin resistance still
exists, but persistent hyperglycemia and oxidative stress impair
vascular endothelial function due to islet B-cell failure. This
results in decreased production of endogenous vasodilators and
decreased responsiveness of the body to vasodilators, thus
reducing the vasodilatory response and promoting a sustained
rise in blood pressure. @ (12, 52) Hyperinsulinemia and
aldosterone increase the activity of sodium channels in vascular
endothelial cells, while cardiovascular inflammation can impair
insulin metabolic signaling and reduce insulin-mediated nitric
oxide (NO) production. These physiological changes can lead to
arterial stiffness and hypertension (Figure 8).

The TyG index is often associated with insulin resistance

or diabetes in predicting hypertension. However, more
research is needed to explore other mechanisms that may
explain the relationship between the TyG index and

hypertension. One advantage of the TyG index over the
HOMA-IR index is that it can reflect other factors and
their relationship with cardiovascular disease to some extent
(54). In addition to insulin resistance and hyperinsulinemia,
there are many other factors that are believed to mediate
hypertension, including various adipokines from adipose
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tissue, abnormal states of gut microbiota, and more (54).
Although these factors have not been fully confirmed, in
several studies, the TyG index has been found to be an
independent indicator for describing potential cardiovascular
disease (54). Perhaps the re-association of factors such as
atherosclerosis, dyslipidemia, and nephropathy with TyG
index to explain hypertension or other cardiovascular
diseases would be a new option, thus allowing it to be
mediated independently of insulin resistance.

However, there are still some limitations in this study.
Firstly, the selection or processing of continuous variables
included in the meta-analysis may have introduced some bias.
Secondly, the results of the regional meta-analysis may not
be representative of the association in all regions. Meanwhile,
this study still has residual heterogeneity that has not been
explained, which means that further in-depth exploration is
needed. Finally, the small number of included studies in the
dose-response analysis may have an impact on the final

linear results.

Conclusions

Due to the varying and significant differences in the
incidence of hypertension worldwide, the hypertension status of
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populations in developed regions has greatly improved, while the
blood pressure situation of populations in middle and low-
income areas is not optimistic. Therefore, we conducted this
regional discussion. In summary, there is substantial evidence to
support the independent and linear association between the TyG
index and the risk of hypertension within the middle and low-
income populations in China. However, further large-scale
clinical studies are needed to precisely determine the numerical
value of this linear relationship. Additionally, it is crucial to
expand research on the mechanisms underlying the association
between the TyG index and hypertension beyond insulin
resistance alone.
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