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Aim

The objective of our study was to investigate the potential association between the triglyceride and glucose (TyG) index and the occurrence of prehypertension or hypertension in a cohort of normoglycemic Japanese subjects.





Methods

The NAGALA physical examination program was conducted in 1994 at Murakami Memorial Hospital in Gifu City, Japan. For our retrospective study, we selected 15,450 participants who had taken part in this program. Our aim was to explore the potential link between the TyG index, a surrogate marker for insulin resistance, and the presence of prehypertension (pre-HTN) or hypertension (HTN). Our analysis included adjustments for clinical demographic attributes and serum biomarkers. Logistic regression was employed to assess the relationship between the TyG index and the likelihood of pre-HTN or HTN.





Results

A total of 15,450 study subjects were included in our analysis. Notably, the prevalence of both pre-HTN and HTN displayed an ascending trend with increasing quartiles of the TyG index. In our comprehensive multivariable logistic regression analysis, when evaluating TyG as a continuous variable, the adjusted odds ratio (OR) for pre-HTN was OR 1.31 [95% CI 1.11-1.56], while for HTN, it was OR 1.76 [95% CI 1.24-2.5] within the fully adjusted model (model 3). When TyG was stratified into quartiles within model 3, the adjusted ORs for pre-HTN were OR 1.16 [95% CI 1.02-1.31], OR 1.22 [95% CI 1.06-1.41], and OR 1.31 [95% CI 1.08-1.59], respectively, using quartile 1 as the reference. The adjusted ORs for HTN in quartiles 2, 3, and 4 were OR 1.22 [95% CI 0.89-1.66], OR 1.4 [95% CI 1.02-1.91], and OR 1.48 [95% CI 1.02-2.15], respectively, within the same model and analysis, with quartile 1 as the reference. Subgroup analysis indicated that the TyG index exhibited a significant positive correlation with the risk of hypertension or prehypertension, except in the subgroup aged ≥65 years.





Conclusion

Our study highlights a robust correlation between the TyG index and the likelihood of pre-HTN or HTN in normoglycemic Japanese subjects. This underscores the potential clinical relevance of the TyG index in refining early hypertension management strategies. Nonetheless, the validation of these findings necessitates larger studies with extended follow-up periods.
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1 Introduction

Hypertension is a disease that seriously endangers human life and health and is widely prevalent worldwide, affecting more than 30% of the population (1). Elevated blood pressure is the leading preventable cause of cardiovascular disease mortality and disease burden globally and in most parts of the world. Hypertension often co-exists with other risk factors and is one of the most important risk factors for ischemic heart disease, stroke, other cardiovascular diseases, chronic kidney disease and dementia (2–6). The etiology of hypertension is complex, and the mechanisms of its cause, occurrence and development are not fully understood. To enhance its prevention and control, scientists are actively searching for risk factors associated with the development of hypertension. Insulin resistance refers to the state of reduced sensitivity and responsiveness of the body to insulin, which has important pathophysiological significance in the development of obesity, T2DM, metabolic syndrome, cardiovascular and cerebrovascular diseases (7). Previous studies have concluded that insulin resistance (IR) is closely associated with hypertension (8). The hyperinsulinemia euglycemic clamp (HIEC) test was first introduced by De Fronzo in 1979 and till date, remains the “gold standard” to assess IR. But the method is more complex and inconvenient to obtain (9). Specifically, the main limitations of the HIEC are that it is time-consuming, labor-intensive, expensive, and requires an experienced operator to manage the technical difficulties, which constrain its usefulness in clinical practice (10). Many simplified mathematical models for assessing insulin resistance have been derived in recent years (11), such as the steady-state model insulin resistance index (HOMA-IR), which is a valid method for assessing insulin resistance calculated from serum glucose and fasting serum insulin (12). However, HOMA-IR requires a serum insulin test, and not all primary care hospitals are able to perform this program, so we need a simpler and more applicable index. Guerrero-Romero et al. (9) proposed and validated a new formula for assessing insulin resistance based on serum triglycerides and fasting glucose levels, namely the triglycerides and glucose (TyG) index. TyG index = ln [fasting serum triglycerides (mg/dL) ×fasting blood glucose (mg/dL)/2], this formula is a potential tool for diagnosing insulin resistance. Previous studies have demonstrated that the TyG index can be an important predictor of the development of metabolic syndrome (13), type 2 diabetes (14), and cardiovascular disease (15, 16). Tao et al. summarized the application value of the TyG index for a variety of CVD types and to explore the potential limitations of using this index as a predictor for cardiovascular diseases (12). But studies on the relationship between TyG and hypertension are less common. In this study, we investigated the relationship between TyG levels and pre-HTN or HTN in Japanese normoglycemic individuals using data from the NAGALA physical examination program (17).




2 Methods



2.1 Data source

The data used in this work were obtained from the Dryad Digital Repository (www.datadryad.org), which is open to other researchers. Okamura T et al. first explored and made available to the public this original data at https://doi.org/10.5061/dryad. 8q0p192 (17). The variables of database enrolled participants included the following: sex, age, weight, body mass index (BMI), waist circumference (WC), triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), fasting blood glucose (FPG), hemoglobin A1c (HbA1c), alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyl aminotransferase (GGT), systolic blood pressure (SBP), diastolic blood pressure (DBP), smoking status, alcohol consumption, exercise, fatty liver, obesity phenotype, obesity, incident diabetes mellitus (DM), and duration of follow-up. A standardized questionnaire was used to assess the study population’s lifestyle habits. Over the past month, weekly alcohol consumption was classified as none, minimal (<40g/week), light (40-140g/week), moderate (140-280g/week), and high (>280g/week). In terms of smoking status, study participants were classified as current, former, or never smokers. And regular exercise was defined as participating in any type of sport at least once per week.




2.2 Study population

In Gifu City, Japan, a healthcare initiative was initiated to identify chronic cardiovascular issues and promote general health. The NAfld in the Gifu Area, Longitudinal Analysis (NAGALA) database was constructed using data collected from this program. The program was performed in 1994 and evaluated over 8000 medical exams annually. Approximately 60% of the participants received one to two exams per year. The study initially encompassed a total of 20,944 participants (12,498 men and 8,446 women). Exclusion criteria included: 1) missing data; 2) fatty liver disease, viral hepatitis B or C at baseline; 3) heavy alcohol consumption (over 60g/d for males and 40g/d for females) at baseline; 4) medication use at baseline; 5) diabetes diagnosis or FPG >6.1 mmol/L at baseline. Murakami Memorial Hospital provided ethical approval for the study, with each patient providing written informed consent for data collection and use. Following the exclusion of cases with abnormal values and those with HDL deficiency, a total of 15,450 cases (8,417 males and 7,033 females) were included in the final analysis.




2.3 Measurement of TyG and definition of pre-HTN and HTN

The TyG index was calculated with established formulas according to the previous studies (9): TyG = Ln [TG (mg/dL) *FPG (mg/dL)/2]. According to the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2019) (18), HTN was defined as SBP ≥140mmHg and/or DBP ≥90mmHg based on the office blood pressure; elevated blood pressure was defined by a SBP or DBP of 120–139 or 80–89 mmHg, respectively; and high normal blood pressure, SBP 120–129 mmHg and DBP <80 mmHg. In our studies, references to previous literature (19), people with elevated blood pressure and high normal blood pressure were classified as pre-HTN.




2.4 Statistical analysis

Statistical analyses were carried out using R software (http://www.R-project.org, The R Foundation) and Free Statistics software version 1.3. Normally distributed continuous variables were presented as means ± SD and analyzed using Student’s t-test. Non-normally distributed continuous variables were expressed as median and interquartile range M (Q1–Q3) and evaluated using the Mann-Whitney U-test. Categorical variables were compared using chi-squared tests, with percentages provided. Participants were grouped into TyG quartiles, and statistical differences among groups were assessed using One-way ANOVA for normally distributed data and Kruskal-Wallis tests for non-normally distributed data. Univariate and multivariate logistic regression models were used to estimate the association between baseline TyG index and pre-HTN or HTN, adjusting for confounding variables. Three distinct models were employed: model 1, which was adjusted for sex and age; Model 2, built upon the foundation of model 1, further incorporated variables encompassing WC, smoking status, and alcohol consumption. Model 3 was an extension of model 2, encompassing additional variables of ALT, AST, GGT, TC, and TG levels. Elaborated specifications of these models are meticulously outlined in Table 1. All the incorporated covariates were meticulously chosen based on a comprehensive review of previous literature and their clinical significance. To enhance the reliability of outcomes and pinpoint potential interactions, we also carried out pre-defined stratified analyses, categorizing subjects based on sex, age (<65 and ≥65 years), WC (<90 cm in men, <80 cm in women vs. ≥90 cm in men and ≥80 cm in women), BMI (<25 and ≥25 kg/m2), alcohol consumption (none, light, moderate, and heavy), and smoking status (never, past, and current). Stratified analyses were also conducted to verify results and identify interactions within specific subgroups. A significance threshold of 0.05 was considered statistically significant.


Table 1 | Multivariable-adjust ORs and 95%CI of the TyG index quartiles associated with prehypertension or hypertension.







3 Results



3.1 Population

The initial NAGALA cohort encompassed a total of 20,944 individuals. Following the necessary exclusions due to missing data (n=863), known liver disease (n=416), heavy drinking habits (n=739), and baseline medication usage (n=2,321), a total of 4,339 individuals were regrettably excluded. Moreover, during the baseline evaluation, 323 individuals with Type 2 diabetes (T2DM) and 808 individuals with fasting blood glucose levels surpassing 6.1 mmol/L were also deemed ineligible for our study. Subsequently, after the meticulous removal of patients with anomalous values and those exhibiting HDL deficiency, a final cohort of 15,450 cases (8,417 men and 7,033 women) emerged as the foundation for our analytical endeavors. The patient selection flowchart is shown in Figure 1.




Figure 1 | Flowchart of participant selection.






3.2 Baseline characteristics

The average age of participants was 43.7 ± 8.9 years, with 8,417 (54.5%) identified as male. The mean baseline TyG stood at 8.0 ± 0.6. The detailed characteristics of study population stratified by TyG index quartile were shown in Table 2. Among the quartiles, individuals in the highest TyG group (Q4) exhibited higher age, body weight, BMI, WC, SBP, and DBP compared to counterparts in the other quartiles (Q1-Q3). Pertaining to laboratory markers, higher TyG levels correlated with elevated TC, TG, ALT, AST, GGT, and FPG levels, while concurrently showing reduced HDL-C levels. Notably, a positive association was identified between higher TyG levels and heavy alcohol consumption as well as smoking. Conversely, a significant inverse correlation was observed between regular exercise and TyG levels. As shown in Figures 2, 3, our analysis delved into the incidence of pre-HTN and HTN within patient groups stratified based on TyG quartiles. Remarkably, an ascending pattern in the prevalence of both pre-HTN and HTN corresponded to increasing TyG quartiles (P for trend 0.001). Specifically, the prevalence of pre-HTN was distributed as follows: 15.9% in Q1, 24.5% in Q2, 31.9% in Q3, and 41.9% in Q4. As for HTN prevalence, the distribution unfolded as 1.8% in Q1, 4.0% in Q2, 6.8% in Q3, and 12.2% in Q4.


Table 2 | Clinical characteristics of the study population according to TyG.






Figure 2 | Prevalence of prehypertension according to the baseline TyG quartiles. All of the study participants were divided into four groups according to quartiles of TyG(quartile 1 [Q1]: ≤7.59; quartile 2 [Q2]: 7.60-8.01; quartile 3 [Q3]: 8.02-8.45; quartile 4 [Q4]: ≥8.46). TyG: the triglycerides and glucose index. pre-HTN, prehypertension.






Figure 3 | Prevalence of hypertension according to the baseline TyG quartiles. All of the study participants were divided into four groups according to quartiles of TyG(quartile 1 [Q1]: ≤7.59; quartile 2 [Q2]: 7.60-8.01; quartile 3 [Q3]: 8.02-8.45; quartile 4 [Q4]: ≥8.46). TyG: the triglycerides and glucose index. HTN, hypertension.






3.3 Univariate and multivariate analyses of prehypertension and hypertension

Age, male, weight, BMI, WC, smoking status, alcohol consumption, GGT, TC, TG, HbA1c, FPG and TyG were significantly associated with pre-HTN and HTN (Table 3) and were risk factors for the development of pre-HTN and HTN. HDL-C was found to be significantly negatively correlated with pre-HTN and HTN. Table 3 shows the results of TyG as continuous variables. After adjusting for different confounders, TyG was inversely associated with pre-HTN or HTN in all three models (Table 1). The odds ratios (ORs) of TyG were consistently significant in all three models regardless of whether TyG was analyzed as a continuous variable or quartile (OR range 1.16-1.31, p<0.05 for pre-HTN; OR range 1.40-1.76, p<0.05, except quartile 2(Q2) =0.209 for HTN).


Table 3 | Results of univariate analysis of prehypertension or hypertension.



When TyG was evaluated as a continuous variable, the adjusted OR for pre-HTN was OR 1.31 [95% CI 1.11-1.56] and OR 1.76 [95% CI 1.24-2.5] for HTN in the full variables adjusted model (model 3). When TyG was analyzed as quartiles in model 3, the adjusted OR for pre-HTN was OR 1.16 [95% CI 1.02-1.31], OR 1.22 [95% CI 1.06-1.41], and OR 1.31 [95% CI 1.08-1.59], respectively, with quartile 1 as reference. The adjusted ORs for HTN in Q2, 3, and 4 were OR 1.22 [95% CI 0.89-1.66], OR 1.4 [95% CI 1.02-1.91], and OR 1.48 [95% CI 1.02-2.15], respectively, in the same model and analysis, with quartile 1 as the reference. Furthermore, it was statistically significant in all models (Table 1, p for trend<0.001), indicating that TyG was positively associated with pre-HTN and HTN.




3.4 Subgroup analyses by adjusted potential effect confounders

As shown in Figures 4, 5, subgroup analyses were carried out to determine the effect of TyG (per 1-unit increment) on pre-HTN and HTN in different subgroups. The relationship between TyG and pre-HTN or HTN was coordinated in the following subgroups: in pre-HTN, sex(female vs. male; P-interaction < 0.001), age (<65 years vs. ≥65 years; P-interaction = 0.127), WC (<90 cm in men, <80 cm in women vs. ≥90 cm in men and ≥80 cm in women; P-interaction = 0.132), and BMI (<24 kg/m2 vs. ≥24 kg/m2; P-interaction < 0.001); in HTN, sex(female vs. male; P-interaction < 0.001), age (<65 years vs. ≥65 years; P-interaction = 0.05), WC (<90 cm in men, <80 cm in women vs. ≥90 cm in men and ≥80 cm in women; P-interaction = 0.845), and BMI (<24 kg/m2 vs. ≥24 kg/m2; P-interaction = 0.013).




Figure 4 | Subgroup analysis of the TyG and prehypertension.






Figure 5 | Subgroup analysis of the TyG and hypertension.







4 Discussion

In this cross-sectional study based on a Japanese normoglycemic population, we explored the association of TyG, a surrogate indicator of non-insulin-based IR, with hypertension and prehypertension. Our results show that the prevalence of HTN and pre-HTN increased progressively with increasing TyG quartile index. Meanwhile, this study also found that the change value of TyG also had a nonlinear response relationship with the risk of hypertension. The incidence of hypertension was increased by 122% in the Q2 group compared with the Q1 group. The incidence of hypertension was increased by 70% in the Q3 group compared with the Q2 group. The incidence of hypertension was increased by 79.4% in the Q4 group compared with the Q3 group. Among this four groups, the incidence of hypertension increased at different rates. The mechanism of these results need to be further investigated. Further analysis of the study revealed that TyG index was positively associated with the risk of developing hypertension and pre-HTN both as a continuous variable and as a categorical variable. The results remained the same after subgroup analysis by age, sex, WC and BMI.

Insulin resistance is defined as decreased responsiveness (maximal insulin effect) or sensitivity (insulin concentration required for a half maximal response) to insulin’s metabolic actions (20).

Studies in epidemiology and basic science have showed that IR is one of the potential factor of prehypertension (21, 22) and some researches also suggested that IR is one of the significant risk factor of hypertension (23, 24). However, the detection of IR is complex and difficult to obtain (9). Hence, some recent studies (25, 26) have suggested that triglyceride glucose product index (TyG) can be an alternative index of IR. The results of cross-sectional studies have shown that TyG has the highest sensitivity and specificity. Compared with some past indexes of IR, such as steady-state model insulin resistance index (HOMA-IR) and TG/HDL-C, TyG has the highest sensitivity and specificity for the diagnosis of IR. The sensitivity for the diagnosis of IR is 84%. The specificity for the diagnosis of IR is 45%. These results showed that the diagnostic accuracy of TyG is better (27). Previous research on the relationship between TyG and prehypertension has been limited. Rongjiong Zheng et al. (23) studied 4686 subjects and followed up for 9 years showed that The TyG index was found to be a good predictor of incident hypertension, and Cox regression analyses revealed that a higher TyG index was linked to an increased risk of incident hypertension. A study (28) that included 32,124 normoglycemic adults showed that when comparing the highest TyG index to the lowest TyG index, there was an association with prehypertension and hypertension, with corresponding ORs of 1.795 (1.638, 1.968) and 2.439 (2.205,2.698), respectively.

Xin Zhang et al. (29) also reported that noninsulin-based IR indexes (TG/HDL-C, TyG, and METS-IR) are significantly related with the risk of prehypertension. However, Jie Fan, MB et al. (21) discovered that METS-IR, but not TG/HDL or TyG, was significantly associated with prehypertension, with a 2.223 odds ratio for prehypertension in the highest quartile versus the lowest. In this study, we found that with increasing TyG quartiles, the prevalence of both pre-HTN and HTN increased. The logistic regression analysis showed that age, male, weight, BMI, WC, smoking status, alcohol consumption, GGT, TC, TG, HbA1c, FPG, and TyG were all significantly associated with pre-HTN and HTN (Table 3) and were risk factors for pre-HTN and HTN development. After adjusting for different confounders, TyG was positively related to pre-HTN and HTN in all three models, regardless of whether TyG was analyzed as a continuous variable or in quartiles.

There are several possible mechanisms by which excessive TyG may increase the risk of hypertension. To begin, IR causes a decrease in the efficiency of glucose uptake and utilization by insulin in the body, leading to compensatory overproduction of insulin by the body, which increases sympathetic nervous system activity and promotes the body to secrete more epinephrine and norepinephrine, ultimately increasing cardiac output and peripheral vascular resistance (30, 31). Secondly, IR may also increase the synthesis and release of endothelin, which may contract blood vessels, and decrease the synthesis of prostacyclin (PGI2) and prostaglandin E2 (PGE2), which may dilate vessels (32, 33), as well as induce the proliferation of vascular smooth muscle, which may result in an increase in blood pressure. Thirdly, when insulin resistance causes hyperinsulinemia, sodium reabsorption from the renal tubules increases, resulting in high blood pressure (34, 35). Besides, as two components of TyG, both TG and FPG are closely associated with the development of hypertension (36, 37). It has been shown that dyslipidemia is observed in 50%-80% of hypertensive patients (38).

Nevertheless, several limitations also exist in this study, which should be acknowledged. First and foremost, because the current study was cross-sectional in nature, causal correlations between TyG and hypertension and prehypertension cannot be drawn. Second, this study was limited to the Japanese population. As a result, to evaluate generalizability to other races and people with varied origins, our findings need be replicated in other cohorts. Third, TyG were discovered in Caucasian and Mexican cultures, and the insulin secretory capacity of East Asians differs from that of other ethnicities (29). Furthermore, because the secondary analysis was constrained by the available data, unreported or unmeasured confounding factors in the original study could not be adequately adjusted. It is well known that uric acid and renal function have a synergistic effect on insulin resistance and vascular damage in hypertensive patients (39). In addition, inflammation is a key factor in worsening insulin resistance and arterial hypertension (40). These variables may have a potential impact on the results of the study. Given these limitations, further prospective cohort studies should be carried out to clarify the above factors. However, the large sample size of this study ensures that the results are relatively robust and reliable.

In summary, our study showed that the insulin resistance index TyG was strongly associated with the risk of pre-HTN or HTN in normoglycemic Japanese subjects, suggesting that TyG is clinically important for the early refinement of hypertension management. Besides, our findings raise the possibility that maybe we can reduce hypertension by controlling FPG and TG to lower the TyG index. However, larger studies with longer follow-up are required to confirm.
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