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Interacting and joint effects of triglyceride- @
glucose index and blood pressure

on cardiovascular diseases risk: a prospective
cohort study
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Abstract

Aims The triglyceride-glucose (TyG) index and hypertension (HTN) are established risk factors of CVD. However, there
is a dearth of studies investigating the synergistic influence of the elevated TyG index and HTN on CVD risk, as well as
any potential interaction between these factors.

Method For this investigation, we enlisted 88,384 individuals from the Kailuan Study who did not have a history
of stroke, myocardial infarction, or cancer at baseline. Incidences of CVD between 2006 and 2021 were confirmed
through a thorough review of medical records. Participants were categorized into 6 groups according to BP
status(normal/elevated BP, stage 1 and stage 2) or the TyG index(low and elevated group), respectively. The Cox
proportional hazard regression models were used to assess the association of BP status and TyG index with incident
CVD. The multiplicative and additive interactions were also determined.

Results Following a mean follow-up period of 13.66+ 3.24 years, incidents of CVD, MI, and stroke were observed in
8,205, 1,728, and 6,705 individuals, respectively. The BP category and TyG index additively increased the risk of CVD,
Ml and stroke. There were significant interacting and joint effects of TyG index and BP status on CVD risk. Additionally,
stratification analysis further confirmed that the relative contribution of hypertension to the CVD development
decreased with deteriorating TyG index and that of TyG index was attenuated with increasing BP status.

Conclusion Our study demonstrated that a significant interaction between TyG index and BP status on the risk of
CVD.
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Introduction

Cardiovascular diseases (CVD) are prevalent non-
communicable diseases, contributing to approximately
one-third of all deaths worldwide [1]. The incidence of
CVD has increased significantly over time, with cases
nearly doubling from 271 million in 1990 to 523 million
in 2019. Furthermore, CVD-related deaths have soared
from 12.1 million in 1990 to 18.6 million in 2019 [2]. This
alarming trend may be attributed to various modifiable
risk factors, such as elevated body mass index, elevated
systolic blood pressure, smoking, etc. [3]. Several coun-
tries, including China, are experiencing an enormous
burden of CVD due to the escalating prevalence and
inadequate management of cardiovascular risk factors
[4]. Despite China having made tremendous progress in
lifestyle modifications and treatment recently, substantial
disparities persist between current trend of high preva-
lence of CVDand the recommended goals outlined in the
guidelines [5]. Accurate assessment of patient’s long-term
risk for CVD requires a more comprehensive approach
than relying solely on a single indicator. Since CVD often
develop due to the combined influence of multiple co-
existing risk factors, a single measurement may not pro-
vide a sufficiently precise picture.

Insulin resistance (IR) and hypertension (HTN) are
established risk factors of CVD that participate in the
process of disease initiation and progression. Prior
studies have identified relationships between IR and
HTN, indicating that the combination of both factors
may improve the stratification of CVD risk [6, 7]. The
triglyceride-glucose (TyG) index, calculated from fast-
ing blood glucose (FBG) and triglyceride (TG) levels,
has demonstrated a strong association with IR and is
considered a reliable and easily interpretable surrogate
marker for IR [8]. Furthermore, multiple cohort stud-
ies have indicated that the TyG index may serve as a risk
factor for the onset of CVD [9, 10]. The European Soci-
ety of Cardiology (ESC) has updated 2023 guidelines for
the management of blood pressure (BP) in patients with
diabetes [11]. However, the potential impact of HTN on
CVD risk remains uncertain in individuals with IR who
do not progress to hyperglycemia or diabetes. Besides,
whether the degree of IR is associated with increased
risks of incident CVD in HTN patients remains to be
fully understood [12]. Currently, there is a dearth of stud-
ies investigating the synergistic influence of high IR and
HTN on CVD risk, as well as any potential interaction
between these factors. The present study utilized data
from a substantial community-based prospective cohort
in China to evaluate the influence of BP status (normal/
elevated, stage 1 HTN, and stage 2 HTN) and TyG index
(low group and elevated group) on the likelihood of
developing CVD, specifically myocardial infarction (MI)
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and stroke. The potential interaction between BP status
and TyG index and CVD risk was also investigated.

Methods

Study participants

The present study utilized data from the Kailuan Study,
a comprehensive community-based prospective cohort
study. A comprehensive description of the study design
and methodology is provided in a previous study [10]. A
total of 101,510 participants (81,110 males and 20,400
females) aged between 18 and 98 years were recruited.
These individuals underwent a series of assessments,
including physical examinations, clinical and laboratory
evaluations, and questionnaire interviews encompassing
variables such as income, educational attainment, alco-
hol consumption, etc. Subsequently, anthropometric,
cardiovascular risk factor, and self-reported question-
naires were conducted biennially from January 2006 to
December 2021 (2006/07, 2008/09, 2010/11, 2012/13,
2014/15, 2016/17, 2018/19, and 2020/2021). Participants
with heart attack, stroke, cancer, missing data on cer-
tain health indicators, or white coat HTN were excluded.
A total of 88,384 participants were included in the final
analysis (Figure S1).

The study adhered to the principles outlined in the
Declaration of Helsinki and was approved by the Ethics
Committee of Kailuan General Hospital. All participants
willingly consented to participate in the study and pro-
vided written informed consent.

Data collection and definitions

Data on demographic information, lifestyle behaviors,
and clinical characteristics were obtained through a
self-administered questionnaire, as described [13]. Edu-
cation levels were stratified into primary or lower, mid-
dle school, and high school or higher. Smoking status
was dichotomized as a current smoker or never/former
smoker. Physical exercise was defined as participating in
physical activity at least four times per week, with each
session lasting a minimum of 20 min. Body mass index
(BMI) was computed as weight in kilograms divided by
height in meters squared (kg/m?). Diabetes was defined
as an FBG level of 27.0 mmol/L, self-reported diabetes
history, or use of antidiabetic medication.

Blood samples were collected in EDTA tubes in the
morning following a minimum 8-hour fasting period.
Biochemical measurements, including TG, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), high-sensitive C-reactive protein
(Hs-CRP), FBG, and uric acid (UA), were analyzed using
the Hitachi 747 autoanalyzer (Hitachi, Tokyo, Japan).
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BP category

BP was assessed in the left upper arm utilizing a cali-
brated mercury sphygmomanometer while the partici-
pant was in a seated position. Following a 5-minute rest
period, a minimum of two BP readings were obtained. If
the variance between the two measurements was 25 mm
Hg, an additional measurement was taken, and the aver-
age value was calculated.

HTN status was determined according to the 2017
American College of Cardiology (ACC)/American Heart
Association (AHA) guideline. Participants were classi-
fied into three groups based on their BP status: normal/
elevated BP, stage 1 HTN, and stage 2 HTN. Normal/
elevated BP was defined as systolic blood pressure
(SBP)<130 mmHg, diastolic blood pressure (DBP)<80
mmHg, or not currently under antihypertensive medica-
tion; stage 1 HTN was defined as SBP of 130-139 mmHg
or DBP of 80-89 mmHg; and stage 2 HTN was defined as
SBP 2140 mmHg or DBP>90 mmHg or the use of anti-
hypertensive medication [14].

Evaluation of the TyG index

The TyG index was calculated as In (fasting TG [mg/
dL] x FBG [mg/dL]/2), as previously described [10].
Participants were divided into two groups based on the
median of the TyG index (8.57): the elevated group (TyG
index>8.57) and the low group (TyG index<8.57).

Assessment of CVD

The study concluded after the occurrence of the first
instance of CVD, all-cause mortality, or after the follow-
up on December 31, 2021, whichever event transpired
first. CVD, encompassing MI and stroke, were identified
using the International Classification of Diseases 10th
Revision (ICD-10) codes. The database of CVD diagnoses
was cross-referenced with the Municipal Social Insur-
ance Institution and Hospital Discharge Register, with
annual updates conducted throughout the follow-up
period. An expert panel was convened to meticulously
review and validate annual medical records from local
hospitals to differentiate patients with confirmed CVD
from those with suspected CVD.

Statistical analysis

The analysis of variance (ANOVA) and Kruskal-Wallis
tests were employed to compare continuous variables,
whereas chi-square tests were utilized for comparing cat-
egorical variables. The cumulative incidence of CVD was
calculated using the Kaplan-Meier method.

Firstly, participants were stratified based on BP status
(normal/elevated BP, stage 1 HTN, and stage 2 HTN)
and TyG index (low group and elevated group) to inves-
tigate the relationship between TyG index and BP status
and CVD risk. In the analysis of the combined effect, all
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subjects were assigned into six groups. Normal/elevated
BP and low TyG index groups were used as a control
group. Hazard ratio (HR) and 95% confidence interval
(CI) for incident CVD were calculated, and adjustments
were made for the same covariates used in the multi-
variable Cox regression analyses. Exposure factors were
introduced into the multivariate model as an interaction
term to test the interaction between HTN and elevated
TyG index. An interaction term, created by multiplying
the TyG index and BP levels (normal/elevated BP, stage
1 HTN, stage 2 HTN), was added to the model to assess
multiplicative statistical interactions. Relative excess risk
due to interaction (RERI), proportion of disease attribut-
able to interaction (AP), and synergy index for interaction
(SI) were calculated following the established methods
[15, 16]. The significance of interaction was determined
based on the non-inclusion of 0 and 1 within the 95% Cls
for RERI, AP, and SI, respectively.

Subsequently, the relationship between BP status and
incident CVD was examined based on TyG index group-
ing, dividing the study population into low and elevated
groups. Cox regression analyses were performed to
ascertain the correlation between BP categories and the
occurrence of CVD, with adjustments made for baseline
confounders such as age, sex, income, physical exercise
(active or inactive), educational level, drinking (current or
no), smoking (current or no), diabetes, anti-hypertensive
medication, anti-diabetic medication, anti-hyperlipid-
emic medication, BMI, resting heart rate (RHR), LDL-C,
UA, and Hs-CRP. Additionally, a comparative analysis
of the relationship between the TyG index and incident
CVD was conducted based on BP status. The study popu-
lation was stratified into three groups: normal/elevated
BP, stage 1 HTN, and stage 2 HTN, and adjustments were
made for consistent confounders. Relative risk reduction
(RRR) was estimated along with its corresponding 95%
CI, and adjustments were made for covariates included
in the multivariable Cox regression model. The RRR was
calculated using the formula: (HR —1)/HR.

Meanwhile, multiple sensitivity analyses were con-
ducted to ensure the reliability of our findings. Events
within the initial 2-year follow-up period were excluded
to mitigate the risk of reverse causation. Subsequently,
individuals with diabetes or those undergoing treatment
with lipid/glucose-lowering medication were excluded
from the main analysis. Additionally, the interactive and
combined effects of diabetes status and BP status on
CVD risk were evaluated.

All analyses were performed using SAS 9.4 (SAS Insti-
tute, Cary, NC), at a two-tailed alpha level of 0.05.
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Results

Baseline characteristics

A total of 88,384 eligible participants were enrolled, with
a mean age of 51.07+12.39 years. Approximately 79.36%
(70,142/88,384) were males. The average TyG index was
8.6510.69. The baseline characteristics of participants
based on their TyG index and BP status are displayed in
Table 1. The baseline characteristics of participants cat-
egorized by the TyG index are presented in Table SI.
The baseline characteristics of participants categorized
by BP status are presented in Table S2. Compared with
individuals in the low TyG index and normal/elevated BP
groups, those in other groups exhibited a higher likeli-
hood of being older, male, less educated, current smok-
ers and drinkers, having a higher prevalence of HTN and
diabetes, taking anti-hypertensive medication, anti-dia-
betic medication, anti-hyperlipidemic medication, and
possessing a higher BMI, LDL-C, RHR, UA.

Combined effects of TyG index and BP status on CVD

After a mean follow-up of 13.66+3.24 years, incident
CVD, MI], and stroke occurred in 8,205, 1,728, and
6,705, respectively. The participants were stratified
into six cohorts according to their TyG index and BP
status. Kaplan-Meier curve analysis revealed a signifi-
cant increase in the prevalence of CVD among various
TyG index and BP status groups (P<0.001). Meanwhile,
after adjusting for confounding factors, the multivari-
ate Cox proportional hazard model showed that the risk
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in the elevated TyG index and stage 2 HTN groups was
increased 2.58-fold compared with that in the low TyG
index and normal/elevated BP groups. In addition, the
HR for CVD was 1.41 (95% CI 1.25-1.59) in elevated TyG
index group alone, 1.38 (95% CI 1.24-1.54) in stage 1
HTN alone, and 2.35 (95% CI 2.13-2.60) in stage 2 HTN
alone. Similar results were obtained in all subgroup anal-
yses (Fig. 1). Multiplicative interactions were statistically
significant for CVD (P<0.001). Following adjustments for
other variables, three measurements of additive interac-
tion were statistically significant, with RERI at 0.55 (95%
CI0.49-0.62), AP at 32.45% (95% CI 29.88%-35.01%), and
SLat4.61 (95% CI 3.41-6.24).

Association between BP status and incident CVD based on

the TyG index

The relationship between BP status and incident CVD
based on the TyG index is summarized in Table 2. The
rates of CVD, MI, and stroke increased with an increase
in the TyG index. Conversely, the HR for individuals
with stage 1 or stage 2 HTN developing CVD decreased
with an increase in the TyG index. Additionally, the RRR
for individuals with stage 1 or stage 2 HTN developing
CVD, M], and stroke also decreased with an increase in
the TyG index. For instance, the RRR for individuals with
stage 2 HTN developing CVD was 54.75% in the low TyG
index group and 47.09% in the elevated TyG index group.

Table 1 Baseline characteristics of participants by TyG index and BP status

Normal TyG index Elevated TyG index P
Normal Stage 1 Stage 2 Normal Stage 1 Stage 2
N 15,420 14,745 14,128 8576 13,804 21,711 <0.01
Age, years 4559+13.01 4937+12.17 56.55+11.49 48.04+12.11 4946+11.25 54.76x£10.89 <0.01
Male, % 64.75 78.20 86.15 76.24 83.27 84.87 <0.01
SBP. mmHg 109.53+£10.10 122.76+8.18 14839+17.22  111.77+9.77 123.56+7.98 14828+1789 <001
BMI, kg/m2 23.04£3.10 2398+3.18 25.03+337 2494+3.15 25.64+3.23 26.68+3.41 <0.01
RHR, bpm/min 7156+£9.521 7292+953 7423+10.23 72.95+9.86 74.08+9.70 7598+10.77 <0.01
LDL-C, mmol 217(1.70-2.67) 2.29(1.76-2.79)  2.40(1.85-2.90) 2.34(1.89-2.80) 2.39(1.90-2.85) 243(1.94-2.93) <0.01
UA, U/L 26930+74.16  271.16£7258 286.08+79.04 29889+£8332 297.87+£8371 30793+£91.13 <0.01
Hs-CRP, mg/dl 0.60(0.21-1.60)  0.60(0.20-1.60) 0.85(0.31-2.30) 0.80(0.32-2.03) 0.80(0.30-2.00)  1.06(041-2.60) <0.01
TG, mmol 0.85+0.27 0.90+0.27 0.95+0.26 225£1.38 245+1.63 250+£1.63 <0.01
FBG, mmol 4.90+0.68 4.96+0.71 5.00+0.79 578207 583+1.96 6.16+£2.17 <0.01
TyG index 8.04+035 8.12+033 8.18+0.31 9.09+047 9.17+0.51 9.23+0.54 <0.01
Smoking, % 29.83 29.50 28.77 36.63 32.89 30.06 <0.01
Drinking, % 1361 16.35 20.04 17.04 19.32 19.97 <0.01
Diabetes, % 1.23 1.36 2.69 11.60 1261 19.93 <0.01
Active exercise, % 13.21 13.41 19.27 13.70 12.58 17.26 <0.01
Anti-hypertensive medication, % 0 0 23.16 0 0 27.68 <0.01
Anti-hyperlipidemic medication, % 027 0.20 092 0.82 032 1.71 <0.01
Anti-diabetic medication, % 0.56 038 124 3.18 235 477 <0.01
High school or above, % 34.29 18.72 12.75 30.07 18.97 14.14 <0.01

SBP systolic blood pressure, BMI body mass index, RHR resting heart rate, LDL low-density lipoprotein, UA uric acid, Hs-CRP high-sensitivity C-reactive protein, TG
triglyceride, FBG fasting blood glucose, TyG triglyceride glucose
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Fig. 1 Combination of TyG index and BP status in developing CVD. Study participants were categorized into 6 groups according to a combination of
TyG index (Normal TyG index, <8.57; Elevated TyG index, >8.57) and blood pressure classification (normal, stage 1 hypertension, stage 2 hypertension).
We conducted multivariable Cox regression analyses to identify the association of each combination of TyG index and BP status with incident cardiovas-
cular disease: (A) cardiovascular disease, (B) myocardial infarction, (C) stroke. We adjusted the hazard ratio of each combination for Multivariable model
adjusted for age, sex, income, physical exercise, educational level, drinking, smoking, diabetes, anti-hypertensive medication, anti-diabetic medication,

anti-hyperlipidemic medication, BMI, RHR, LDL-C, UA, Hs-CRP

Association between TyG index and incident CVD based on
the BP status

The relationship between the TyG index and incident
CVD based on BP status is summarized in Table 3. The
rates of CVD, M], and stroke increased with an increase
in BP status. Conversely, the HR for individuals at CVD
risk decreased with an increase in BP status in the ele-
vated TyG index group. Additionally, the RRR for indi-
viduals with CVD, MI, and stroke also decreased with
an increase in BP status in the elevated TyG index group
(Table 3). For instance, the RRR for individuals with CVD
in the elevated TyG index group was 23.08% in individu-
als with normal/elevated BP, 18.70% in those with stage 1
HTN, and 9.09% in those with stage 2 HTN.

Sensitivity analyses

Five sensitivity analyses were performed to validate these
findings (Table S3-S6, Figure S2-S5). It was found that the
relationships with incident CVD risk remained consis-
tent after excluding participants with CVD events within
the initial two years of follow-up, those receiving lipid/

glucose-lowering medication, and those with diabetes.
Similar results were observed in competing risk regres-
sion models. Additionally, the interactive effect between
BP status and glycemic status, as defined by FBG levels,
on CVD risk showed no significant difference.

Discussion

The current prospective cohort study involving 88,384
participants from the Kailuan study revealed a notable
interaction between BP status and the TyG index in
relation to the risk of CVD. Additionally, stratification
analysis further confirmed that the relative contribu-
tion of HTN to CVD development decreased with a
decrease TyG index. In addition, the TyG index declined
with increasing BP status. Our study provides a nuanced
understanding of the interplay between these factors and
their impact on CVD risk assessment, aiding in the tar-
geted identification of high-risk individuals and provid-
ing significant implications for both clinical practice and
public health strategies.
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Table 2 Association of BP status with incident CVD according to TyG index

BP status Number Events Incidence, % Multivariable model RRR
CVD
Normal
Normal 15,420 547 3.62 Ref. Ref.
Stage 1 14,745 867 6.23 1.36(1.22-1.51) 26.47%
Stage 2 14,128 1845 14.26 2.21(1.99-2.46) 54.75%
Elevated
Normal 8576 528 6.39 Ref. Ref.
Stage 1 13,804 1123 8.50 1.23(1.10-1.36) 18.70%
Stage 2 21,711 3295 16.34 1.89(1.71-2.08) 47.09%
MI
Normal
Normal 15,420 101 0.69 Ref. Ref.
Stage 1 14,745 159 1.14 1.30(1.01-1.67) 23.08%
Stage 2 14,128 329 2.56 1.88(1.47-241) 46.81%
Elevated
Normal 8576 130 1.57 Ref. Ref.
Stage 1 13,804 267 2.05 1.18(0.95-1.45) 15.25%
Stage 2 21,711 742 373 1.56(1.28-1.90) 35.90%
Stroke
Normal
Normal 15,420 457 3.02 Ref. Ref.
Stage 1 14,745 724 523 1.36(1.20-1.53) 26.47%
Stage 2 14,128 1566 12.17 2.28(2.03-2.55) 56.14%
Elevated
Normal 8576 403 4.92 Ref. Ref.
Stage 1 13,804 886 6.71 1.26(1.12-1.42) 20.63%
Stage 2 21,711 2669 13.31 2.01(1.80-2.24) 50.25%

Multivariable model adjusted for age, sex, income, physical exercise, educational level, drinking, smoking, diabetes, anti-hypertensive medication, anti-diabetic
medication, anti-hyperlipidemic medication, BMI, RHR, LDL-C, UA, Hs-CRP. RRR relative risk reduction

Furthermore, our data revealed a novel and significant
combined effect of BP status and TyG index on the risk
of CVD, demonstrating that the incidence risk of CVD
is substantially higher in individuals with this combined
effect than in those with elevated TyG index or HTN
alone. Numerous studies have demonstrated that BP
status and TyG index are independent risk factors for
CVD in the general population [9, 10]. Theoretically, it
might be hypothesized that a combined effect of the two
risk factors may contribute to the development of CVD.
However, this conjecture remains to be confirmed. Our
findings confirmed that participants with HTN (stage 1
and stage 2) combined with elevated TyG index were at
a higher risk of CVD. Our previous study also showed
that hypertensive patients with a long-term elevated TyG
index were at a heightened risk of stroke [12]. Consistent
with our results, Wang et al. demonstrated that individu-
als with a higher TyG index exhibited increased arterial
stiffness, and the TyG index was positively and inde-
pendently associated with arterial stiffness in patients
with stage 1 HTN [17]. The present study revealed that
elevated TyG index had a stronger association with the
occurrence of MI in individuals with variations in both

BP status and TyG index, while HTN was more closely
linked to the risk of stroke. This phenomenon may be
attributed to various pathogenic mechanisms. The rapid
improvement of the TyG index may not promptly miti-
gate IR, a crucial factor in the progression of metabolic
dysregulation, affecting glucose levels, lipid metabolism,
and vascular endothelial function. Elevated BP is more
prone to inducing vascular impairments, resulting in
cerebrovascular dysfunction and subsequent stroke.

A survey of HTN, hyperglycemia, and dyslipidemia
prevalence in China indicated that the prevalence of
HTN in middle-aged and elderly people with diabetes
was 12.3%, and the prevalence of comorbidity increased
gradually with age [18]. A retrospective observation
cohort study from Japan reported a significant interac-
tion between HTN and diabetes [19]. Similar results were
observed in our sensitivity analysis, further confirming
the reliability of our results. IR is a crucial pathophysi-
ologic foundation and serves as the “soil” in the patho-
genetic process of diabetes, frequently occurring in
prediabetic patients. TyG index is a surrogate marker
of IR deemed to provide better predictive performance
in CVD. The current study utilized the TyG index to
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Table 3 Association of TyG index with incident CVD according to BP status
TyG index Number Events Incidence Multivariable model RRR
CvD
Normal
Normal 15,420 547 3.62 Ref. Ref.
Elevated 8576 528 6.39 1.30(1.14-1.48) 23.08%
Stage 1
Normal 14,745 867 6.23 Ref. Ref.
Elevated 13,804 1123 8.50 1.23(1.12-1.36) 18.70%
Stage 2
Normal 14,128 1845 14.26 Ref. Ref.
Elevated 21,711 3295 16.34 1.10(1.03-1.17) 9.09%
M
Normal
Normal 15,420 101 0.69 Ref. Ref.
Elevated 8576 130 1.57 1.74(1.31-232) 42.53%
Stage 1
Normal 14,745 159 1.14 Ref. Ref.
Elevated 13,804 267 2.05 1.56(1.26-1.93) 35.90%
Stage 2
Normal 14,128 329 2.56 Ref. Ref.
Elevated 21,711 742 3.73 1.37(1.19-1.57) 27.01%
Stroke
Normal
Normal 15,420 457 3.02 Ref. Ref.
Elevated 8576 403 4.92 1.16(1.01-1.35) 13.79%
Stage 1
Normal 14,745 724 5.23 Ref. Ref.
Elevated 13,804 886 6.71 1.16(1.04-1.29) 13.79%
Stage 2
Normal 14,128 1566 12.17 Ref. Ref.
Elevated 21,711 2669 1331 1.04(0.97-1.12) 3.85%

Multivariable model adjusted for age, sex, income, physical exercise, educational level, drinking, smoking, diabetes, anti-hypertensive medication, anti-diabetic
medication, anti-hyperlipidemic medication, BMI, RHR, LDL-C, UA, Hs-CRP. RRR relative risk reduction

evaluate IR to explore the interaction between IR and
HTN on the risk of CVD. It was found that the HR for
CVD increased 1.41-fold from the low group to the ele-
vated group in normotensive participants, the increased
CVD risk was more prominent in stages 1 and 2 patients.
Elevated TyG index was associated with increased CVD
risk, regardless of whether the BP levels were within the
normal range. This result suggests that in addition to IR
improvement, individualized antihypertensive therapy is
also necessary.

Interaction models suggested the presence of posi-
tive additive interaction and multiplicative interaction
between HTN and elevated TyG index on CVD risk. That
is, the interaction of the two factors was higher than the
influence of each single factor. A few other studies have
also reached similar conclusions. A population-based
study from the National Health and Nutrition Examina-
tion Survey found that the combination of low TyG index
and low SBP (<120 and <130 mmHg) further reduced
all-cause and cardiovascular mortality risk than the other

groups, with a more significant effect on cardiovascular
mortality [20]. Several potential mechanisms may explain
the concomitant relationship between the TyG index and
BP status in the development of CVD. Chronic HTN has
been shown to induce target organ damage, such as car-
diac, cerebral, and renal complications, thereby elevat-
ing the risk of CVD. Conversely, elevated levels of the
TyG index are indicative of IR, a factor implicated in the
pathogenesis of CVD [21]. IR can increase blood glu-
cose levels, resulting in inflammation, oxidative stress,
and dyslipidemia, all of which can contribute to the pro-
gression of CVD [22]. Additionally, IR can disrupt the
normal secretion of nitric oxide and impair endothelial
function [23, 24]. IR and HTN can expedite the develop-
ment of cardiovascular damage, thereby heightening the
likelihood of CVD. Understanding the potential syner-
gistic, additive, or antagonistic impact of elevated TyG
index and HTN on CVD risk is imperative. This knowl-
edge may greatly impact the assessment of CVD risk by
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clinicians and the development of more personalized and
effective prevention strategies.

Moreover, hierarchical stratified analysis was per-
formed by BP levels and the TyG index. The risk of devel-
oping CVD varied depending on the level of exposure to
the TyG index in different BP groups. Similarly, within
different levels of the TyG index, the risk of develop-
ing CVD varied according to different BP groups. For
example, in the low TyG index group, the risk of CVD
was higher in patients with stage 2 HTN than in those
with elevated TyG index. RRR was calculated to further
explain this interesting phenomenon. As anticipated, the
RRR was higher in patients with stage 2 than in those
with elevated TyG index. That is, the potential benefit
of HTN treatment would be greater in individuals with
a low TyG index than in those with an elevated TyG
index. This discovery has important practical implica-
tions for clinical practice and risk stratification. Utilizing
the TyG index and BP status to identify individuals at a
heightened risk enables the implementation of tailored
preventive measures. For those at increased risk, lifestyle
changes, including weight management, dietary modi-
fications, and enhanced physical activity, are strongly
recommended. Moreover, healthcare providers should
contemplate implementing more assertive strategies for
managing cardiovascular risk factors, including HTN and
abnormalities in glucose and lipid metabolism, among
individuals in this particular demographic.

The strengths of our study lie in its prospective design,
large sample size, and long follow-up period. However,
this study has some limitations. First, we checked the
IR by calculating the TyG index rather than using the
gold standard method, hyperinsulinemic-euglycemic
clamp. Previous studies demonstrated that the TyG
index is strongly correlated with homeostatic model
assessment for insulin resistance (HOMA-IR) and the
hyperinsulinemic-euglycemic clamp, even outperform-
ing the HOMA-IR [25, 26]. Second, we did not obtain
precise information on glucose-lowering medications for
patients. To assess the potential influence of diabetes, we
performed a sensitivity analysis by excluding participants
taking diabetes medications or diagnosed with diabetes.
This exclusion did not alter our main findings. Third,
more evidence suggests that the TyG index is not a per-
manent state as it is dynamic. However, our analysis was
based solely on baseline data. Fourth, while our multi-
variate analysis adjusted for known confounders, the pos-
sibility of residual confounding by unmeasured variables
remains a limitation. Finally, the lack of data on the cause
of death hampered further analysis of the association
between the interaction of TyG index and BP status and
the risk of cardiovascular death.

Page 8 of 9

Conclusion

Our study demonstrated that a significant interaction
between TyG index and BP status on the risk of CVD.
Enhancing IR and implementing aggressive BP manage-
ment strategies may serve as effective preventive mea-
sures for CVD and mitigate associated risks.
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