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Background: Abnormal glycolipid metabolism plays a crucial role in

hypertension. While an elevated triglyceride-glucose (TyG) index has been

recognized as a risk factor for developing hypertension, the associations

between the TyG index and different hypertension subtypes, namely, isolated

systolic hypertension (ISH), isolated diastolic hypertension (IDH), and systolic-

diastolic hypertension (SDH), remain unclear. This study was designed to

investigate the associations between the TyG index and hypertension subtypes

in a general Chinese population.

Materials and methods: In a sample of 16,793 participants from Shandong

Province, China, multivariate logistic regression analyses were performed to

examine the associations between the TyG index and different hypertension

subtypes. Loess smooth curves were fitted to visualize the trends. Stratified

analyses were conducted to further assess the potential interactions in the

associations between the TyG index and different hypertension subtypes.

Results: A higher TyG index was associated with an increased odds of having

IDH (OR = 2.94, 95% CI: 1.66–5.23) and SDH (OR = 1.82, 95% CI: 1.33–2.49),

whereas no apparent relationship was observed between TyG index and ISH.

With respect to sex, the effect of TyG index on having IDH and SDH was

significant in women, but not in men. Participants with lower lipid profiles

and glucose levels demonstrated a stronger strength of association between

the TyG index and IDH as compared with the TyG index-SDH association.

Stratified analysis showed that participants with a higher TyG index were more
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than 3 times more likely to have IDH and SDH among persons aged 18–

42 years. Significant interactions were observed between TyG index and sex,

age, and high-density lipoprotein cholesterol (HDL-C) in the SDH group, and

a significant interaction was also found between TyG index and body mass

index (BMI) in the ISH group.

Conclusion: Triglyceride-glucose index may potentially serve as a novel

indicator for IDH and SDH. Our findings could also inform the development

and implementation of targeted screening for hypertension.

KEYWORDS

TyG index, hypertension, cross-sectional studies, ISH, IDH, SDH

Introduction

Hypertension is a major risk factor for developing
cardiovascular disease (CVD) and is increasingly recognized as a
serious, worldwide public health concern (1). The prevalence of
hypertension is increasing at an alarming rate annually (2). The
population in China accounts for 20% of the world’s population
and therefore could represent some of the excess burden of
hypertension (3). A large national survey from 2012 to 2015
indicated that approximately 244.5 million Chinese adults were
diagnosed with hypertension (4); however, the management of
hypertension remains largely unsatisfactory (5).

To date, research has demonstrated the associations between
CVD and three hypertension subtypes, namely, isolated systolic
hypertension (ISH), isolated diastolic hypertension (IDH), and
systolic-diastolic hypertension (SDH) (6). It is thought that
ISH is related to increased arterial stiffness, and in contrast,
IDH is correlated with elevated vascular resistance in the
arteriolar sector (7). IDH is more prevalent among young
and middle-aged adults, while ISH is more prevalent in the
elderly (8). As people age, the elastic fibers of the arterial wall
decrease while the collagen fibers increase, leading to stiffness,
reduced vascular compliance, and weakened buffering effect on
blood pressure (BP). This mechanism may potentially lower
diastolic blood pressure (DBP) and further elevate systolic
blood pressure (SBP). As a result, some IDH patients tend
to develop ISH or SDH as they age (9). Current literature
suggests that IDH can be attributed to temporary or long-
term lesions of arterioles in the case of good elasticity

Abbreviations: CVD, cardiovascular disease; ISH, isolated systolic
hypertension; IDH, isolated diastolic hypertension; SDH, systolic-
diastolic hypertension; NM, normotension; BP, blood pressure; DBP,
diastolic blood pressure; SBP, systolic blood pressure; BG, blood glucose;
TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; TyG index,
triglyceride-glucose index; FBG, fasting blood glucose; BMI, body mass
index; SD, standard deviation; OR, odds ratio.

of large arteries. These lesions could be associated with
cigarette smoking, excessive alcohol consumption, obesity,
high uric acid, abnormal glucose tolerance, and increased
sympathetic activity (10). Hence, identifying potential risk
factors for IDH and ISH would be beneficial in understanding
the underlying mechanisms and determining more effective
treatment plans.

Previous studies have demonstrated that abnormal
glycolipid metabolism might be associated with the
development of hypertension (11, 12). Metabolic syndromes,
especially elevated blood glucose (BG), abnormal plasma
triglyceride (TG), elevated total cholesterol (TC), increased
low-density lipoprotein cholesterol (LDL-C), and reduced high-
density lipoprotein cholesterol (HDL-C), are all considered
as potential risk factors for CVD and all-cause mortality (13,
14). Likewise, insulin resistance (IR) plays a key role in the
pathogenesis of hypertension (15). Due to the complexity and
inaccessibility of performing insulin and C-peptide release
assays, a simple indicator that recognizes early IR would be
beneficial for substantial clinical hypertension management.
In addition, it is noteworthy to point out that while screening
for hypertension, clinicians should not only focus on patients
with high BG and TG but also focus on patients with normal
or borderline BG and TG. For this reason, researchers have
proposed the use of triglyceride-glucose (TyG) index, a
surrogate indicator of combined serum TG and glucose, to
assess the relationship between IR and hypertension in different
populations (16).

While an elevated TyG index is a potentially important
predictor of hypertension, the association between the TyG
index and each hypertension subtype has not been well
clarified. Therefore, the purpose of this study is to examine the
associations between the TyG index and different hypertension
subtypes. Understanding the association between the TyG index
and each hypertension subtype is of particular interest due to the
importance of determining the impact of glycolipid metabolic
disorder on ISH, IDH, and SDH, interpreting the pathogenesis
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of each hypertension subtype and ultimately optimizing the
preventive and treatment strategies.

Materials and methods

Study subjects

This study assessed a total of 21,670 participants from a
population-based study conducted in Shandong, China, from
January 2007 to December 2010. All participants were recruited
from local communities, and written informed consent was
obtained from each participant before data collection. This
study was approved by Shandong First Medical University and
Shandong Academy of Medical Sciences and was conducted in
accordance with the Declaration of Helsinki.

Given that antihypertensive drugs could significantly lower
BP readings, hypertensive participants on antihypertensive
drugs could be misclassified as normotensive, if their BP
readings measured were all within normal limits. More
importantly, antihypertensive drugs such as diuretics (17) and
angiotensin II receptor blocker (ARB) (18) may affect glucolipid
metabolism. Therefore, inclusion criteria for participants were
as follows: (1) ages 18–75 years; (2) with no history of using
antihypertensives drugs or had used antihypertensive drugs but
had not taken antihypertensive drugs within the past 2 weeks,
and (3) with no history of using lipid-lowering drugs (e.g.,
statins) and/or medications to treat diabetes. Participants who
failed to meet the inclusion criteria, as well as participants
with secondary hypertension, severe heart failure, renal failure,
and/or valvular heart disease were excluded from this study. In
total, 16,793 participants were recruited.

Clinical and biological data collection

Clinical data used in this study were collected through an in-
person, clinician-administered questionnaire, which included
sociodemographic, lifestyle and behavior, medical history,
and use of medication. The vital signs and anthropometric
measurements include height, weight, waist circumference, BP,
and pulse rate (at rest for 60 s) were noted. Venous blood
samples were collected from participants after fasting for at
least 12 h for biochemical determination, and participants
who did not fast for at least 12 h were asked to reschedule
their appointments. Fasting blood glucose (FBG) was measured
by the hexokinase method using an autoanalyzer. Similarly,
other biomarkers such as TG, TC, HDL-C, and LDL-C
were measured by a fully automated chemiluminescence
immunoassay. According to the Chinese Guidelines for the
Prevention of CVD (v2011), abdominal obesity was defined
as (1) waist circumference > 90 cm in men and (2) waist
circumference > 85 cm in women. With respect to tobacco use,

a participant could be characterized as either a never smoker
(e.g., who has never smoked or who has smoked less than 100
cigarettes during lifetime) or a smoker (e.g., who has smoked
at least 100 cigarettes during lifetime) (19). Moreover, binge
drinking was defined as consuming 5 or more alcoholic drinks
for men or 4 or more alcoholic drinks for women on 1 or
more days in the past month (20). Body mass index (BMI) was
calculated as weight (kg)/[height (m)2], and lastly, TyG index
was defined as ln [FBG (mg/dl) ∗ TG (mg/dl)/2] (21).

The BP readings were taken using the OMRON HEM-7011
electronic sphygmomanometer (Omron, Japan). According to
the 2018 ESC/ESH Guidelines for the management of arterial
hypertension (22), BP readings were measured in a seated
position after at least 5 min of rest in the morning, with arms
placed at the heart level. A total of three BP measurements
were taken on the same day, 1–2 min apart, and additional
measurements were required only if the first two readings
differed by more than 10 mmHg. The final BP was then recorded
as the average of the last two BP readings, and IDH, ISH,
and SDH were identified. Specifically, IDH was defined as
SBP < 140 mmHg and DBP ≥ 90 mmHg, ISH was defined
as SBP ≥ 140 mmHg and DBP < 90 mmHg, SDH was
defined as SBP ≥ 140 mmHg and DBP ≥ 90 mmHg, and
normotension (NM) was characterized as SBP < 140 mmHg and
DBP < 90 mmHg. Participants who were previously told to have
hypertension at some point but failed to meet our diagnostic
criteria were all considered as normotensive (e.g., no ISH, IDH,
and SDH) in this study.

Data analysis

All analyses were performed using R (The R Foundation,
version 3.4.31) and Empower R© (2Boston, MA, United States).
Descriptive statistics were calculated to describe the
sociodemographics, BP readings, lipid profiles, anthropometric
measurements, smoking status, and binge drinking. Mean
values with standard deviations were reported for continuous
variables, and frequencies and proportions were presented to
describe all categorical variables. Post hoc pairwise comparisons
with Bonferroni corrections were performed using ANOVA
test for continuous variables and χ2 test for categorical
variables. To examine the relationships between the TyG index
and hypertension subtypes, three logistic regression models
were built to calculate odds ratios (OR) and 95% confident
intervals (CI). In particular, Model 0 was a univariate or
unadjusted model, and Model 1 was a multivariate model
adjusted for age and sex only. Multivariable Model 2 was
controlled for age, sex, pulse, TC, TG, FBG, HDL-C, LDL-C,
BMI, abdominal obesity, smoking history, and binge drinking.

1 http://www.r-project.org

2 www.empowerstats.com
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Smooth curves were applied to illustrate the trends between
the TyG index and the predicted probabilities of ISH, IDH,
and SDH. Ultimately, stratified analyses were performed to
further assess the associations between the TyG index and the
continuous variables using quartiles, and interactions between
the TyG index and strata variables were tested and reported. All
reported p-Values were two-sided, and p < 0.05 was considered
statistically significant.

Results

Demographics, lifestyles, and clinical
characteristics of study participants

The distribution of characteristics among all participants is
shown in Table 1. The mean ages in the ISH and SDH groups
were similar (59.03 ± 10.39 years and 54.79 ± 10.39 years),
but were significantly higher than the mean ages in the IDH
and NM groups (47.53 ± 9.70 years and 48.33 ± 12.02 years),
respectively. An increasing trend was observed with regard to
SBP readings, DBP readings, and BMI. The mean values of
the TyG index, the proportions of participants who smoked
at least 100 cigarettes during lifetime, and the proportions of
binge drinkers were remarkably higher among participants in
the IDH and SDH groups compared with participants in the
ISH and NM groups.

Associations between the
triglyceride-glucose index and
hypertension subtypes

Table 2 shows the univariable associations of TyG index,
age, sex, pulse, TC, TG, FBG, HDL-C, LDL-C, BMI, abdominal
obesity, smoking history, and binge drinking with hypertension
subtypes. Significant positive associations were found between
the TyG index and all 3 hypertension subtypes (ISH: OR = 1.31,
95% CI: 1.17, 1.46; IDH: OR = 1.84, 95% CI: 1.55, 2.18; SDH:
OR = 2.06, 95% CI: 1.86, 2.27). In addition to the TyG index,
all other variables were also found to be significantly associated
with ISH and SDH; however, no significant associations of IDH
with TC, FBG, HDL-C, and LDL-C were observed. As expected,
significant inverse relationships between the TyG index and all
co-variables except smoking in the NM group were observed.

Table 3 presents the univariable and multivariable logistic
regression analyses controlling for different predictor variables.
In all 3 models, the TyG index showed a positive association
with ISH, IDH, and SDH. Specifically, the odds of having
hypertension were increased in the order of ISH, IDH, and
SDH in Model 1. Model 2 suggested that increased odds of
having IDH and SDH were associated with elevated TyG index
controlling for other co-variables, but no statistically significant

association was observed between the TyG index and ISH
(OR = 0.98, 95% CI 0.69, 1.40). On the contrary, a decreased
odds of being normotensive (e.g., no ISH, IDH, or SDH)
was associated with an increased level of TyG index, and this
association was statistically significant.

Trend between the predicted
probabilities of having isolated systolic
hypertension, isolated diastolic
hypertension, systolic-diastolic
hypertension, and triglyceride-glucose
index

Loess fitted smooth curves captured the overall trend and
patterns in the data while presenting the predicted probabilities
of having ISH, IDH, SDH, and TyG index. To summarize, no
obvious trend was found in terms of predicted probabilities of
having ISH and TyG index (Figure 1A). Alternatively, Figure 1B
illustrated an increasing, linear trend between the predicted
probability of having IDH and TyG index, and a similar trend
was found between the predicted probabilities of having SDH
and TyG index (Figure 1C).

Stratified analysis of the associations
between the triglyceride-glucose index
and isolated systolic hypertension,
isolated diastolic hypertension, and
systolic-diastolic hypertension

Stratified analyses were performed to further assess the
associations between the TyG index and ISH, IDH, and SDH
among different subgroups, and relevant results are presented
in Table 4. Subgroup analyses revealed a highly consistent
tendency. Of note, the effects of TyG index on hypertension
subtypes were significant in females but not in males with
respect to IDH (ORfemales = 6.58, 95% CI: 2.29, 18.86 vs.
ORmales = 1.77, 95% CI: 0.86, 3.65) and SDH (ORfemales = 2.07,
95% CI: 1.30, 3.28 vs. ORmales = 1.49, 95% CI: 0.96, 2.32).
Moreover, in the first quartile of age, a significantly positive
association was observed between the TyG index and IDH
(OR = 3.29, 95% CI:1.36, 7.96) and SDH (OR = 3.49, 95% CI:
1.61, 7.56), whereas no significant relationship was observed
between the TyG index and ISH (OR = 0.73, 95% CI: 0.20,
2.59). Remarkably, among participants with lower lipid profiles
and glucose levels, a higher OR magnitude was observed
between the TyG index and IDH compared with the TyG
index-SDH association. Ultimately, statistically significant 2-
way interactions were found between TyG index and sex
(p = 0.0374), TyG index and age (p = 0.0021), and TyG index
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TABLE 1 Sociodemographics, lifestyles and clinical characteristics, overall and by hypertension subtypes, Shandong, China (2007–2010).

Overall
(n = 16,793)

NM
(n = 9,589)

ISH
(n = 2,752)

IDH
(n = 927)

SDH
(n = 3,525)

P-value
(overall)

Continuous Variables, mean ± standard deviation

Age (years) 51.40 ± 12.09 48.33 ± 12.02 59.03 ± 10.39* 47.53 ± 9.70# 54.79 ± 10.39*#† <0.001

SBP (mmHg) 136.12 ± 21.51 121.99 ± 10.42 153.02 ± 12.76* 132.22 ± 5.69*# 162.42 ± 17.62*#† <0.001

DBP (mmHg) 83.04 ± 11.08 76.74 ± 6.98 81.66 ± 5.92* 93.77 ± 3.62*# 98.42 ± 6.74*#† <0.001

Pulse (per 60 s) 74.80 ± 9.46 74.21 ± 9.21 73.99 ± 9.65 78.01 ± 9.39*# 76.22 ± 9.67*#† <0.001

TC (mmol/L) 4.63 ± 1.00 4.56 ± 0.98 4.74 ± 1.02* 4.65 ± 1.03 4.71 ± 1.02* <0.001

TG (mmol/L) 1.44 ± 1.10 1.34 ± 1.00 1.48 ± 1.14* 1.66 ± 1.23*# 1.63 ± 1.25*# <0.001

FBG (mmol/L) 5.03 ± 1.44 4.93 ± 1.36 5.21 ± 1.65* 5.06 ± 1.43# 5.15 ± 1.47* <0.001

HDL-C (mmo1/L) 1.57 ± 0.46 1.54 ± 0.45 1.62 ± 0.47* 1.56 ± 0.45# 1.60 ± 0.45* <0.001

LDL-C (mmol/L) 3.05 ± 0.75 3.02 ± 0.74 3.11 ± 0.74* 3.09 ± 0.77* 3.10 ± 0.77* <0.001

TyG index 4.62 ± 0.35 4.58 ± 0.33 4.65 ± 0.35* 4.70 ± 0.37*# 4.70 ± 0.37*# <0.001

BMI (kg/m2) 24.30 ± 3.58 23.69 ± 3.36 24.48 ± 3.61* 25.41 ± 3.37*# 25.52 ± 3.77*# <0.001

Categorical Variables, n (%)

Sex <0.001

Male 6,444 (38.37%) 3,392 (35.37%) 1,007 (36.59%) 421 (45.42%)*# 1,624 (46.07%)*#

Female 10,349 (61.63%) 6,197 (64.63%) 1,745 (63.41%) 506 (54.58%) 1,901 (53.93%)

Abdominal obesity <0.001

No 9,406 (56.01%) 6,001 (62.58%) 1,380 (50.15%)* 450 (48.54%)* 1,575 (44.68%)*#†

Yes 7,387 (43.99%) 3,588 (37.42%) 1,372 (49.85%) 477 (51.46%) 1,950 (55.32%)

Binge drinking <0.001

No 13,837 (82.40%) 8,114 (84.62%) 2,330 (84.67%) 705 (76.05%)*# 2,688 (76.26%)*#

Yes 2,956 (17.60%) 1,475 (15.38%) 422 (15.33%) 222 (23.95%) 837 (23.74%)

Smoking history <0.001

Never smoker 13,998 (83.36%) 8,027 (83.71%) 2,352 (85.47%)* 751 (81.01%)*# 2,868 (81.36%)*#

Smoker 2,795 (16.64%) 1,562 (16.29%) 400 (14.53%) 176 (18.99%) 657 (18.64%)

Overall p-values generated using one-way ANOVA tests (continuous variables) or Pearson’s chi-square tests (categorical variables). Bold values indicate statistical significance. *p < 0.05
compared with NM, #p < 0.05 compared with ISH, and †p < 0.05 compared with IDH. BMI, body mass index; NM, normotension; IDH, isolated diastolic hypertension; ISH, isolated
systolic hypertension; SDH, systolic-diastolic hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TyG index, triglyceride-glucose index.

and HDL-C (p = 0.0491) in the SDH group and between TyG
index and BMI (p = 0.0443) in the ISH group.

Discussion

In this cross-sectional study, we investigated the associations
of the TyG index with different hypertension subtypes in a
sample of 16,793 Chinese adults from Shandong Province.
Multivariate logistic regression analyses revealed significant
associations between the TyG index and IDH and between the
TyG index and SDH. Interestingly, there was no significant
relationship between the TyG index and ISH, and this finding
might be explained by a lower effect of glycolipid metabolic
disorder (e.g., IR) on ISH.

It is well known that IR serves as one of the most
significant risk factors for developing hypertension (23).
However, the underlying mechanisms have not been fully
elucidated. Possible mechanisms could be related to the
following aspects: First, IR can stimulate the activity of the

renin-angiotensin-aldosterone system (RAAS), which further
promotes salt absorption and water–sodium retention, and
ultimately leads to hypertension (24). Second, hyperinsulinemia
activates the sympathetic nervous system and increases cardiac
output and peripheral vascular resistance (25). The secretion
of catecholamine may result in the hypertrophy of vascular
smooth muscle cells and endothelial cells, leading to luminal
stenosis (26). Finally, insulin may exert an important role in
the contraction and vasodilatation of the peripheral vasculature
by the release of endothelin, which may contract the blood
vessels, and decrease the synthesis of prostacyclin (PGI2) and
prostaglandin E2 (PGE2), factors that may dilate vessels (27),
ultimately leading to BP elevation. In this study, abnormal
glycolipid metabolism and IR may have more impact on IDH,
and one possible explanation is that a higher FBG and abnormal
lipid panel may increase the blood viscosity by increasing
the rheological component of peripheral resistance, leading to
elevated DBP (28). Meanwhile, overweight and obesity, which
is related to excessive accumulation of adipose tissue in the
outer peripheral vascular, may further restrict vasomotor of
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TABLE 2 Univariate logistic regression analyses of the associations between sociodemographic, clinical characteristics and lifestyles, and
hypertension subtypes, Shandong, China (2007–2010).

Variables NM ISH IDH SDH

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age (years) 0.95 (0.95, 0.95)
p < 0.0001

1.08 (1.07, 1.08)
p < 0.0001

0.97 (0.97, 0.98)
p < 0.0001

1.03 (1.03, 1.03)
p < 0.0001

Sex (%)

Male 1.00 1.00 1.00 1.00

Female 1.34 (1.26, 1.43)
p < 0.0001

1.10 (1.01, 1.19)
p = 0.0356

0.74 (0.64, 0.84)
p < 0.0001

0.67 (0.62, 0.72)
p < 0.0001

Pulse (per 60 s) 0.98 (0.98, 0.99)
p < 0.0001

0.99 (0.98, 0.99)
p < 0.0001

1.04 (1.03, 1.04)
p < 0.0001

1.02 (1.02, 1.02)
p < 0.0001

TC (mmol/L) 0.86 (0.84, 0.89)
p < 0.0001

1.13 (1.09, 1.18)
p < 0.0001

1.03 (0.96, 1.10)
p = 0.4403

1.10 (1.06, 1.14)
p < 0.0001

TG (mmol/L) 0.81 (0.78, 0.83)
p < 0.0001

1.04 (1.00, 1.07)
p = 0.0388

1.14 (1.09, 1.19)
p < 0.0001

1.18 (1.15, 1.22)
p < 0.0001

FBG (mmol/L) 0.90 (0.88, 0.92)
p < 0.0001

1.09 (1.06, 1.12)
p < 0.0001

1.01 (0.97, 1.06)
p = 0.5246

1.07 (1.04, 1.09)
p < 0.0001

HDL-C (mmo1/L) 0.76 (0.71, 0.81)
p < 0.0001

1.31 (1.20, 1.43)
p < 0.0001

0.96 (0.83, 1.12)
p = 0.6310

1.20 (1.11, 1.30)
p < 0.0001

LDL-C (mmol/L) 0.86 (0.82, 0.89)
p < 0.0001

1.13 (1.07, 1.19)
p < 0.0001

1.07 (0.98, 1.16)
p = 0.1494

1.11 (1.06, 1.17)
p < 0.0001

BMI (kg/m2) 0.89 (0.88, 0.90)
p < 0.0001

1.02 (1.01, 1.03)
p = 0.0033

1.09 (1.07, 1.11)
p < 0.0001

1.13 (1.11, 1.14)
p < 0.0001

TyG index 0.43 (0.40, 0.48)
p < 0.0001

1.31 (1.17, 1.46)
p < 0.0001

1.84 (1.55, 2.18)
p < 0.0001

2.06 (1.86, 2.27)
p < 0.0001

Abdominal obesity

No (referent) 1.00 1.00 1.00 1.00

Yes 0.54 (0.50, 0.57)
p < 0.0001

1.33 (1.22, 1.44)
p < 0.0001

1.37 (1.20, 1.57)
p < 0.0001

1.78 (1.65, 1.92)
p < 0.0001

Smoking history

Never smoker (referent) 1.00 1.00 1.00 1.00

Smoker 0.94 (0.87, 1.02)
p = 0.1550

0.83 (0.74, 0.93)
p = 0.0012

1.19 (1.00, 1.40)
p = 0.0491

1.19 (1.08, 1.31)
p = 0.0004

Binge drinking

No (referent) 1.00 1.00 1.00 1.00

Yes 0.70 (0.65, 0.76)
p < 0.0001

0.82 (0.74, 0.92)
p = 0.0006

1.51 (1.29, 1.77)
p < 0.0001

1.64 (1.50, 1.79)
p < 0.0001

Odds ratios (OR) and 95% confidence intervals (CI) generated using univariable logistic regression models. Bold values indicate statistical significance (p < 0.05). BMI, body mass
index, NM, normotension; IDH, isolated diastolic hypertension; ISH, isolated systolic hypertension; SDH, systolic-diastolic hypertension; SBP, systolic blood pressure, DBP, diastolic
blood pressure, FBG, fasting blood glucose, TG, triglyceride, TC, total cholesterol, LDL-C, low-density lipoprotein cholesterol, HDL-C, high-density lipoprotein cholesterol, TyG index,
triglyceride-glucose index.

TABLE 3 Multivariate logistic regression analyses of the associations of increased TyG index and hypertension subtypes, Shandong,
China (2007–2010).

Model 0 Model 1 Model 2

OR (95% CI), P-value OR (95% CI), P-value OR (95% CI), P-value

NM 0.43 (0.40, 0.48) p < 0.0001 0.47 (0.42, 0.51) p < 0.0001 0.54 (0.41, 0.71) p < 0.0001

ISH 1.31 (1.17, 1.46) p < 0.0001 1.20 (1.06, 1.35) p = 0.0033 0.98 (0.69, 1.40) p = 0.9079

IDH 1.84 (1.55, 2.18) p < 0.0001 1.91 (1.62, 2.26) p < 0.0001 2.94 (1.66, 5.23) p = 0.0002

SDH 2.06 (1.86, 2.27) p < 0.0001 1.96 (1.77, 2.17) p < 0.0001 1.82 (1.33, 2.49) p = 0.0002

Model 0, unadjusted; Model 1: adjusted for age and sex only; Model 2: adjusted for age, sex, pulse, TC, TG, FBG, HDL-C, LDL-C, BMI, abdominal obesity, smoking history, and binge
drinking. Odds ratios (OR) and 95% confidence intervals (CI) generated using univariable logistic regression model (for Model 0) and multivariable logistic regression models (for Model 1
and Model 2). Bold values indicated statistical significance (p < 0.05). NM, normotension; IDH, isolated diastolic hypertension; ISH isolated systolic hypertension; SDH systolic- diastolic
hypertension; TyG index, triglyceride-glucose index.
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FIGURE 1

(A–C) The fitted smooth demonstrated the trend between the predicted probabilities of ISH and TyG index (A), the predicted probability of IDH
and TyG index (B), and the predicted probability of SDH and TyG index (C). Adjusted factors included age, sex, pulse, TC, TG, FBG, HDL-C,
LDL-C, BMI, abdominal obesity, smoking history, and binge drinking. The solid line and dashed line represent the estimated values and their
corresponding 95% confidence intervals.

peripheral vascular and cause IDH (29). This is consistent
with our results showing that the TyG index is more closely
associated with IDH than with ISH. Further experiments need
to be conducted to better elucidate the mechanisms of how IR
could potentially affect IDH.

Several studies have reported that an elevated TyG index
has been suggested as a risk factor for hypertension (30, 31).
A 9-year longitudinal population-based study demonstrated
that a higher TyG index could predict a higher incidence
of hypertension in Chinese people; however, this study only
focused on Chinese males and no stratified analysis was

performed (16). Another cross-sectional study was conducted
in children and adolescents, which stated that an elevated TyG
index was significantly associated with a higher prevalence
of pre-hypertension and hypertension (32). Compared with a
previous study that also investigated the associations between
TyG index and hypertension (33), the major strength of our
study is that it is the first study to examine the associations
between the TyG index and different hypertension subtypes.
In addition, a population-based study with a large sample size,
which potentially allows a more robust analysis with better
generalizability, is also a strength.
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TABLE 4 Stratified analyses of the associations between hypertension subtypes and TyG index with interactions, Shandong, China (2007−2010).

Variable with strata N ISHOR
(95%CI)

P-value for
interaction

IDHOR
(95%CI)

P-value for
interaction

SDHOR
(95%CI)

P-value for
interaction

Sex 0.9580 0.0762 0.0374

Male 6,444 0.84 (0.48, 1.44)
p = 0.5214

1.77 (0.86, 3.65)
p = 0.1197

1.49 (0.96, 2.32)
p = 0.0762

Female 10,349 0.97 (0.59, 1.59)
p = 0.9052

6.58 (2.29, 18.86)
p = 0.0005

2.07 (1.30, 3.28)
p = 0.0021

Age (years) 0.5313 0.1152 0.0021

Q1 (18−42) 4,160 0.73 (0.20, 2.59)
p = 0.6251

3.29 (1.36, 7.96)
p = 0.0083

3.49 (1.61, 7.56)
p = 0.0016

Q2 (43−52) 4,200 1.46 (0.59, 3.65)
p = 0.4141

2.28 (0.88, 5.95)
p = 0.0914

0.92 (0.48, 1.74)
p = 0.7898

Q3 (53−59) 4,081 1.68 (0.79, 3.57)
p = 0.1783

5.84 (1.05, 32.48)
p = 0.0436

1.62 (0.88, 2.97)
p = 0.1219

Q4 (60−75) 4,352 0.80 (0.47, 1.39)
p = 0.4336

2.32 (0.25, 21.33)
p = 0.4571

2.49 (1.31, 4.75)
p = 0.0056

Pulse (per 60 s) 0.3217 0.0683 0.7871

Q1 (55−67) 3,958 4.43 (1.61,12.22)
p = 0.0040

13.22 (1.19, 146.60)
p = 0.0355

1.50 (0.66, 3.39)
p = 0.3329

Q2 (68−73) 3,979 0.59 (0.28, 1.25)
p = 0.1683

2.93 (0.64, 13.45)
p = 0.1673

1.66 (0.85, 3.26)
p = 0.1370

Q3 (74−80) 4,371 0.86 (0.43, 1.71)
p = 0.6602

2.72 (1.12, 6.62)
p = 0.0270

2.22 (1.21, 4.08)
p = 0.0103

Q4 (81−112) 4,485 0.61 (0.32, 1.17)
p = 0.1364

3.59 (1.23, 10.50)
p = 0.0196

1.82 (1.04, 3.17)
p = 0.0345

TC (mmol/L) 0.9176 0.0734 0.0760

Q1 (1.2−4.0) 4,192 0.93 (0.40, 2.15)
p = 0.8699

3.00 (1.04, 8.70)
p = 0.0426

2.56 (1.14, 5.75)
p = 0.0230

Q2 (4.0−4.6) 4,134 1.48 (0.53, 4.12)
p = 0.4533

38.10 (3.89, 373.54)
p = 0.0018

1.41 (0.69, 2.87)
p = 0.3422

Q3 (4.6−5.2) 4,233 1.73 (0.64, 4.65)
p = 0.2763

3.01 (0.69, 13.03)
p = 0.1414

1.75 (0.83, 3.65)
p = 0.1394

Q4 (5.2−15.9) 4,234 0.84 (0.47, 1.52)
p = 0.5683

1.48 (0.59, 3.76)
p = 0.4044

1.52 (0.88, 2.62)
p = 0.1290

TG (mmol/L) 0.9039 0.2383 0.7248

Q1 (0.2−0.8) 4,083 0.74 (0.21, 2.65)
p = 0.6432

4.64 (0.48, 45.09)
p = 0.1859

3.69 (1.04,13.06)
p = 0.0430

Q2 (0.8−1.1) 4,220 1.24 (0.22, 6.82)
p = 0.8064

3.14 (0.16, 62.89) 0
p = 0.4545

0.44 (0.09, 2.12)
p = 0.3045

Q3 (1.1−1.7) 4,282 1.04 (0.29, 3.69)
p = 0.9562

1.57 (0.24, 10.46)
p = 0.6407

1.94 (0.61, 6.22)
p = 0.2640

Q4 (1.7−19.4) 4,208 1.35 (0.99, 1.84)
p = 0.0599

1.04 (0.68, 1.57)
p = 0.8707

1.20 (0.93, 1.55)
p = 0.1556

FBG (mmol/L) 0.2804 0.8932 0.1565

Q1 (3.3−4.3) 4,148 0.61 (0.26, 1.39)
p = 0.2361

2.31 (0.57, 9.37)
p = 0.2421

3.15 (1.35, 7.39)
p = 0.0082

Q2 (4.3−4.7) 4,203 0.49 (0.21, 1.17)
p = 0.1067

3.44 (0.75, 15.85)
p = 0.1127

1.66 (0.71, 3.89)
p = 0.2470

Q3 (4.7−5.3) 4,243 1.50 (0.63, 3.53)
p = 0.3579

1.59 (0.56, 4.51)
p = 0.3835

2.40 (1.24, 4.65)
p = 0.0095

Q4 (5.3−19.1) 4,199 1.14 (0.71, 1.83)
p = 0.5897

1.88 (0.92, 3.84)
p = 0.0828

1.09 (0.72, 1.65)
p = 0.6756

HDL-C (mmol/L) 0.7500 0.5671 0.0491

Q1 (0.0−1.3) 4,144 1.11 (0.55, 2.26)
p = 0.7726

5.98 (1.44, 24.80)
p = 0.0137

1.58 (0.86, 2.90)
p = 0.1420

(Continued)
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TABLE 4 Continued

Variable with strata N ISHOR
(95%CI)

P-value for
interaction

IDHOR
(95%CI)

P-value for
interaction

SDHOR
(95%CI)

P-value for
interaction

Q2 (1.3−1.5) 4,252 1.44 (0.62, 3.34)
p = 0.3961

5.92 (1.60, 21.94)
p = 0.0078

1.76 (0.93, 3.35)
p = 0.0848

Q3 (1.5−1.8) 4,084 2.15 (0.72, 6.46)
p = 0.1708

2.62 (0.51, 13.40)
p = 0.2468

1.14 (0.51, 2.55)
p = 0.7485

Q4 (1.8−3.8) 4,313 0.74 (0.41, 1.32)
p = 0.3044

1.53 (0.61, 3.85)
p = 0.3673

1.99 (1.10, 3.61)
p = 0.0230

LDL-C (mmol/L) 0.8761 0.0698 0.7045

Q1 (0.0−2.7) 4,181 1.36 (0.52, 3.54)
p = 0.5323

3.46 (1.19, 10.02)
p = 0.0222

2.21 (1.07, 4.55)
p = 0.0324

Q2 (2.7−3.0) 4,106 0.72 (0.28, 1.89)
p = 0.5051

19.01 (2.46, 146.64)
p = 0.0047

2.05 (0.75, 5.55)
p = 0.1592

Q3 (3.0−3.4) 4,257 1.70 (0.59, 4.90)
p = 0.3280

2.90 (0.63, 13.30)
p = 0.1716

1.47 (0.71, 3.05)
p = 0.3021

Q4 (3.4−9.7) 4,249 0.89 (0.49, 1.61)
p = 0.7003

1.29 (0.52, 3.18)
p = 0.5803

1.75 (1.02, 2.99)
p = 0.0404

BMI (kg/m2) 0.0443 0.8472 0.8613

Q1 (13.3−21.7) 4,196 1.68 (0.60, 4.68)
p = 0.3209

10.88 (0.94, 125.37)
p = 0.0557

2.62 (1.03, 6.67)
p = 0.0428

Q2 (21.7−24.1) 4,198 1.30 (0.64, 2.62)
p = 0.4660

3.59 (0.66, 19.47)
p = 0.1387

2.12 (1.06, 4.24)
p = 0.0347

Q3 (24.1−26.6) 4,200 0.44 (0.22, 0.86)
p = 0.0163

3.09 (1.02, 9.38)
p = 0.0469

1.98 (1.06, 3.69)
p = 0.0315

Q4 (26.6−40.9) 4,199 1.15 (0.58, 2.29)
p = 0.6886

2.52 (1.08, 5.85)
p = 0.0317

1.73 (1.03, 2.90)
p = 0.0384

Odds ratios (OR) and 95% confidence intervals (CI) generated using multivariable logistic regression models. Bold values indicate statistical significance (p< 0.05). BMI, body mass index,
NM, normotension; IDH, isolated diastolic hypertension; ISH, isolated systolic hypertension; SDH, systolic-diastolic hypertension; FBG, fasting blood glucose; TG, triglyceride; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TyG index, triglyceride-glucose index. All confounding variables (age, sex, pulse,
TC, TG, FBG, HDL-C, LDL-C, BMI, abdominal obesity, smoking history, binge drinking) were adjusted for each stratification, except the stratification factor itself.

In this study, stratified analyses suggested a significant
association between the TyG index and hypertension in women
but not in men. A recent study claimed that the TyG index
was associated with carotid atherosclerosis and arterial stiffness,
and of note, carotid atherosclerosis and arterial stiffness were
two conditions that were found mostly in lean, postmenopausal
women (34). Relatedly, TyG was also associated with an
increased odds of pre-hypertension in lean females but not in
males (35). Moreover, this study also suggested a significant
interaction between the TyG index and sex in the SDH
group. The cause of the gender disparity could be attributed
to some gender-specific differences in glycolipid metabolism,
adipose distribution, IR, and the effect of estrogen (36, 37).
Therefore, clinicians should pay special attention to women
with an increased TyG index, and gender-specific cut-off values
should be established.

Previous studies have indicated that people with IDH
have higher odds of converting IDH to SDH in 10 years
compared with people without hypertension, and this finding
was significant in young adults (38, 39). Interestingly, from the
stratified analyses, we found that the TyG index in younger
participants (Q1) was significantly associated with IDH and
SDH. The interaction between the TyG index and age was also

significant in the SDH group. Our result was consistent with the
literature, which suggested that compared with older patients,
younger patients had a higher prevalence of IDH but a lower
prevalence of ISH (40). This finding can be possibly attributed
to the effect of abnormal glycolipid metabolism with increased
peripheral vascular resistance rather than arterial stiffness
within a short period of time in younger populations, which
strengthens the evidence that abnormal glycolipid metabolism
may have little influence on SBP among younger people.
Another study reported that among 1,777 participants aged
40 years and older, a significant association between TyG
index and increased risk of ISH was found, yet, no in the
TyG index–IDH association (41). However, given that the
aforementioned study was conducted in middle aged and elderly
adults with only 85 IDH patients, the lack of associations may
be due to the relatively small sample size and the age group
of interest. Currently, awareness, treatment, and control of
hypertension are relatively low among young and middle-aged
adults with IDH, and the importance of hypertension screening
in young and middle-aged adults with an elevated TyG index
should be highlighted.

Two-way interaction analyses were performed to better
illustrate the associations of TyG index and hypertension,
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and statistically significant effect modifications were observed
between TyG index and age in the SDH group, TyG index
and sex in the SDH group, TyG index and HDL-C in the
SDH group, and TyG index and BMI in the ISH group.
To our knowledge, very limited study has examined the
potential effect modification with a focus on the TyG index in
hypertension. One hypertension study suggested that several
additive interactions were found between the TyG index and
certain anthropometric measures such as waist-to-height ratio
and percentage of body fat only (33). Alternatively, Tang et al.
(42) demonstrated a potentiating effect modification between
high BMI (e.g., overweight and obesity) and hypercholesteremia
on hypertension. The observed interaction between BMI and
hyperlipidemia can be potentially explained by an increased risk
of developing metabolic syndrome and IR among overweight
and obese people, which subsequently leads to the development
of hypertension (43). Further study is needed to better
understand the interactions between the TyG index and other
key risk factors of hypertension.

This study has several limitations that should be noted.
First, because no insulin level test was performed, we were
unable to measure the degree of IR, which was also considered
as a potential risk factor for hypertension. Second, while a
large, population-based study was conducted, only participants
from the Shandong province were recruited and included in
our analysis, which may or may not be generalizable to the
whole population in China. Finally, the cross-sectional study
design can only show whether an association exists between the
TyG index and a hypertension subtype, not causation. Hence,
large longitudinal studies should be carried out to validate if a
causal relationship exists between the TyG index and a specific
hypertension subtype.

Conclusion

This study has further revealed the significant relationships
between TyG index and different hypertension subtypes in
a large population-based study in China, suggesting that an
increased TyG index was significantly associated with IDH
and SDH. In contrast, no significant association was observed
between the TyG index and ISH. From a clinical perspective,
the TyG index can be utilized as a novel indicator for IDH and
SDH, and our findings might also inform the development and
implementation of targeted screening for hypertension.
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