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Introduction: Hypertriglyceridemia and its derivatives are independent

predictors of diabetes mellitus type 2 (T2DM). However, the relationship

between triglyceride concentrations within the normal range and the

incidence of T2DM remains to be clarified. This study investigated the potential

relationship between variations in plasma triglyceride levels within the normal

range and T2DM onset using data from a longitudinal study of health and

retirement in China.

Methods: Between, 2010 and, 2016, we conducted a retrospective cohort study

involving 36,441 individuals with normal triglyceride levels. Using a Cox

proportional hazards regression model, we examined the connection between

normal triglyceride levels and T2DM incidence. We employed this method with

smooth curve fitting to investigate potential nonlinear associations. Subgroup

analyses were performed based on age, sex, body mass index, smoking and

drinking status, hypertension, and family history of diabetes.

Results: A significant linear relationship was observed between normal

triglyceride levels and the incidence of T2DM. The hazard ratio for T2DM in

individuals with normal triglycerides was 1.81 (95% confidence interval: 1.39,

2.36); P<0.001). Kaplan–Meier analysis further demonstrated a prospective

association between the higher tertiles of normal triglyceride levels and the

development of T2DM (P<0.001). Subgroup analysis revealed a stronger positive

correlation between normal triglyceride levels in females and the risk of T2DM.

Discussion: An increase in triglyceride levels within the normal range is related to

a continuous increase in the incidence of T2DM in the general population. These

findings show that almost everyone can benefit from reducing triglyceride levels,

further emphasiz ing the importance of l i festy le changes in the

general population.
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1 Introduction

Diabetes is a complex metabolic disorder influenced by both

genetic and environmental factors. It is characterized by reduced

insulin sensitivity, inadequate insulin production, and impaired

biological functions. The global prevalence of diabetes is steadily

increasing, posing a significant public health challenge. By, 2021,

536.6 million adults aged 20–79 years worldwide will have diabetes

(uncertainty interval: 424.2–612.3 million), and it is estimated that

783.2 million people will have diabetes by, 2045 (uncertainty

interval: 605.2–898.6 million) (1). Worryingly, nearly half of the

world’s adults (44.7%; 239.7 million) do not know that they have

diabetes. China has the highest number of patients with

undiagnosed diabetes (2).

Triglycerides are lipids in the bloodstream that are a significant

source of energy storage and supply within the human body. Elevated

triglyceride levels have been linked to an increased risk of

cardiovascular diseases, including coronary heart disease, heart

failure, and atherosclerosis (3–7). Detecting triglyceride levels can

help assess patients’ cardiovascular risk, and take corresponding

preventive measures. Regarding diabetes, elevated triglyceride levels

increase the risk of diabetes and prediabetes (8, 9). An increasing

number of studies have found that triglycerides combined with other

indicators as a composite indicator (such as the triglyceride glucose

index) are an independent predictor of diabetes (10–12). In addition,

research suggests that high triglyceride levels increase the risk of insulin

resistance, as they can lead to fat accumulation in the liver andmuscles.

This accumulation triggers insulin resistance and affects the secretion of

adipokines, thereby further impacting insulin signaling and glucose

uptake (13). This close association between triglyceride levels and the

development of diabetes highlights the importance of triglycerides as a

biomarker for assessing the risk of diabetes.

Nevertheless, there are limited reports or cohort studies that have

corroborated the association between normal triglyceride levels and

the onset of diabetes mellitus type 2 (T2DM) following thorough

adjustment for possible confounding factors. Furthermore, the exact

dose-response correlation between gradual fluctuations in triglyceride

levels within the normal range and the development of T2DM is still

uncertain. Consequently, this study investigated the potential

relationship between variations in plasma triglyceride levels within

the normal range and T2DM onset using data from a longitudinal

study of health and retirement in China. This study included a sample

of 36,441 participants from 32 locations in 11 cities in China. The aim

of this study was to investigate the relationship between normal

triglyceride levels and the risk of developing T2MD, and to describe

the related dose-response relationship.
2 Methods

2.1 Data source

The dataset used in this study was sourced from the

DATADRYAD database (www.datadryad.org) that was originally

published by Chen et al. The data for this study were derived from

the primary research data of the article titled “Association of body
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mass index and age with incident diabetes in Chinese adults” (14)

(Dryad, https://doi.org/10.5061/dryad.ft8750v). This work is

licensed under a CC0 1.0 Universal (CC0 1.0) Public Domain

Dedication license.
2.2 Study population

The primary data used in this study were acquired from a

computerized database established by the Rich Healthcare Group

in China. The comprehensive database used in this study included

medical records of all participants who underwent health

examinations at 32 sites across 11 major Chinese cities. The

database used in this study encompassed 685,277 study participants

aged ≥20 years who had a minimum of two visits between, 2010 and,

2016. Exclusion criteria were applied to ensure data quality and

integrity. Specifically, participants were excluded if they had missing

baseline weight, height, sex, extreme body mass index (BMI) values

(<15 kg/m2 or >55 kg/m2), or no available fasting plasma glucose

(FPG) values (n=103,946, n=1, n=152, n=31,370, respectively).

Additionally, individuals with a baseline diagnosis of diabetes

(2,997 participants with self-reported diagnosis and 4,115

participants diagnosed by FPG≥7.0 mmol/L), a follow-up interval

of less than 2 years (n=324,233), or unclear diabetes status at follow-

up (n=6,630) were also excluded. Consequently, the final study

cohort comprised 211,833 participants. According to the National

Cholesterol Education Program (NCEP) guidelines, 158,984

participants with baseline triglycerides (TG)<1.7 mmol/L were

included in our study. After applying strict exclusion criteria,

122,543 participants were excluded from the initial dataset due to

missing baseline measurements of height, systolic blood pressure

(SBP), diastolic blood pressure (DBP), cholesterol, high-density

lipoprotein cholesterol (HDL-C), low-density lipoprotein

cholesterol (LDL-C), blood urea nitrogen (BUN), creatinine

clearance rate (CCR), and follow-up FPG values. Thus, a final

cohort of 36,441 eligible participants was used for comprehensive

data analysis. The flowchart in Figure 1 visually represents the

participant selection process.
2.3 Data collection

Classification variables, including sex, smoking status, drinking

status, and family history of diabetes, were collected from all

participants. Continuous variables were also recorded, such as age,

BMI, SBP, DBP, cholesterol , HDL-C, LDL-C, alanine

aminotransferase (ALT), aspartate aminotransferase (AST), and

FPG. At each visit to the health examination center, detailed

information on demographic characteristics, such as age and sex,

and lifestyle habits, including smoking and alcohol consumption,

were collected through comprehensive questionnaires. Additionally,

the participants were asked about their family history of diabetes.

Height, weight, and blood pressure were measured by trained staff

using standardized protocols. BMI (kg/m2) was calculated by dividing

the weight (in kilograms) by the square of height (in meters). An

automated analyzer (Beckman, 5800) was used to conduct laboratory
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tests for cholesterol, triglyceride, LDL-C, and HDL-C levels. Blood

samples were collected from fasting individuals after a minimum of

10 hours of fasting. The glucose oxidase method was used to measure

plasma glucose levels using the same automated analyzer

(Beckman, 5800).
2.4 Definition of diabetes mellitus type 2

T2DM was diagnosed using one or more of the following

established criteria, which have been previously validated: fasting

blood glucose levels of 7.0 mmol/L or higher, and self-reported

T2DM during the follow-up period (15).
2.5 Statistical analysis

Normally distributed data are presented as mean ± standard

deviation for continuous variables, whereas the median (quartile) is

used for data with skewed distribution. Categorical variables are

presented as numbers (percentages). To analyze the baseline

characteristics of the different triglyceride tertiles, one-way ANOVA

was employed for continuous variables with normal distribution, the

Kruskal–Wallis H test for those with skewed distribution, and the chi-

square test for categorical variables. A multivariate Cox regression

analysis was conducted to assess the risk of developing T2DM,

yielding the hazard ratio (HR) and 95% confidence interval (95%

CI). The unadjusted and adjusted multivariable models are listed. In

cases where the exclusion of covariates in the complete model leads to

a change exceeding 10% in the regression coefficient for normal

triglyceride concentration or if the p-value for the covariate

regression coefficient on the incidence of T2DM is below 0.1, the

covariate is deemed to have an impact and requires adjustment. In

this study, the Cox model was adjusted for age, sex, BMI, DBP, FPG,

cholesterol, HDL-C, LDL-C, AST, ALT, BUN, CCR, smoking status,

drinking status, hypertension, and family history of diabetes. The
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Kaplan–Meier curve was constructed based on the triglyceride

tertiles, and the significance was discussed using the log-rank test.

A generalized additive model incorporating a smoothing function

was used to explore the potential nonlinear association between

triglycerides and the occurrence of T2DM. For subgroup analysis, a

hierarchical Cox regression model was used. Interactions between the

subgroups were evaluated using the likelihood ratio test. Statistical

analyses were performed using the R software package (http://www.r-

project.org, R Foundation), SPSS (version 26.0; SPSS Inc., Chicago,

Illinois, USA), and EmpowerStats (www.empowerstats.net, X&Y

Solutions, Inc., Boston, Massachusetts). Statistical significance was

set at P<0.05 (two-tailed).
3 Results

3.1 Baseline characteristics of individuals

This study included 34,441 individuals, with a mean age of

42.76 years. Among them, 50.63% were male and 49.37% were

female. Table 1 presents the baseline characteristics of the

participants according to the tertiles of fasting triglyceride levels.

Participants with higher fasting triglyceride levels were more likely

to be male, older, and have higher BMI, DBP, SBP, FPG, AST, ALT,

LDL-C, BUN, and CCR. They were also more likely to have

hypertension, drink, smoke, and have lower HDL-C levels (all

P<0.05). However, the participants were healthy, and the

recorded values were generally within the normal range.

Moreover, no significant difference was observed in the

proportion of individuals with a family history of diabetes among

the tertiles of fasting triglyceride levels (P=0.497).
3.2 Incidence of diabetes mellitus type 2

During a mean follow-up period of 3.09 years, 593 (1.63%)

individuals developed T2DM. The cumulative incidence of T2DM

stratified by tertiles of fasting triglyceride levels is shown in Figure 2.

Kaplan–Meier analysis revealed a significant association between

higher triglyceride tertiles and an increased incidence of

T2DM (P<0.001).
3.3 Association of normal triglyceride levels
with diabetes mellitus type 2 risk

The association between triglyceride concentration and the risk

of T2DM was assessed using multivariate Cox regression analysis

(Table 2). The results of the three Cox regression models adjusted to

varying degrees consistently demonstrated similar key findings. In

the crude model, triglyceride levels were positively correlated with

the risk of diabetes mellitus type 2 [HR and 95% CI=4.76 (3.77,

6.01), P<0.001]. In the fully adjusted model III, the HR value

weakened, but a positive correlation between triglyceride

concentration and the risk of T2DM persisted [HR and 95%

CI=1.81 (1.39, 2.36), P<0.001]. Sensitivity analysis was performed
FIGURE 1

Study design and flowchart of study participants.
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by treating triglyceride concentration as a categorical variable. In

the fully adjusted model, the HR and 95% CI for the middle and

high tertiles of triglyceride concentration were 1.12 (0.87, 1.45) and

1.51 (1.19, 1.92), respectively (P for trend<0.001).
3.4 Threshold effect analysis of normal
triglyceride levels on incident diabetes
mellitus type 2

We employed a smoothing curve function analysis to evaluate

the association between normal triglyceride concentrations and the

risk of T2DM (Figure 3). This analysis showed that after adjusting
Frontiers in Endocrinology 04
for age, sex, BMI, DBP, FPG, cholesterol, HDL-C, LDL-C, AST,

ALT, BUN, CCR, smoking status, and family history of diabetes,

there was a continuous positive correlation between normal

triglyceride concentration and T2DM, and the triglyceride

concentration increased without a threshold effect.
3.5 Subgroup analyses

Figure 4 illustrates the findings of the subgroup analysis

performed to examine the association between triglyceride

concentration and the development of T2DM. Participants were

stratified by age, sex, BMI, smoking status, drinking status,
TABLE 1 Baseline characteristics stratified by tertiles of fasting triglyceride levels.

Variable Low tertile (n=12114) Medium tertile (n=11280) High tertile (n=13047) P value

Triglyceride (mmol/L) 0.6 ± 0.1 0.9 ± 0.1 1.3 ± 0.2 <0.001

Age (years) 39.8 ± 11.3 42.7 ± 12.7 45.6 ± 13.4 <0.001

Sex <0.001

Male 4116 (34.0%) 5638 (50.0%) 8237 (63.1%)

Female 7998 (66.0%) 5642 (50.0%) 4810 (36.9%)

BMI (kg/m2) 21.6 ± 2.7 22.6 ± 3.0 23.9 ± 3.1 <0.001

SBP (mmHg) 113.7 ± 15.0 117.2 ± 15.9 121.7 ± 16.6 <0.001

DBP (mmHg) 70.4 ± 9.9 72.9 ± 10.3 75.6 ± 10.8 <0.001

FPG (mmol/L) 4.9 ± 0.5 4.9 ± 0.6 5.0 ± 0.6 <0.001

Cholesterol (mmol/L) 4.4 ± 0.7 4.6 ± 0.8 4.9 ± 0.9 <0.001

HDL-C (mmol/L) 1.5 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 <0.001

LDL-C (mmol/L) 2.5 ± 0.6 2.7 ± 0.6 2.9 ± 0.7 <0.001

ALT (U/L) 14.0 (11.0-19.0) 16.2 (12.0-23.1) 20.0 (14.1-28.7) <0.001

AST (U/L) 20.0 (17.1-24.0) 21.0 (18.0-25.0) 22.5 (19.0-27.0) <0.001

BUN (mmol/L) 4.6 ± 1.2 4.6 ± 1.2 4.7 ± 1.2 <0.001

CCR (umol/L) 66.6 ± 14.9 70.4 ± 15.6 73.8 ± 16.8 <0.001

Family history of diabetes 242 (2.0%) 228 (2.0%) 286 (2.2%) 0.497

Hypertension 902 (7.45%) 1275 (11.30%) 2271 (17.41%) <0.001

Smoking status <0.001

Yes 346 (2.86%) 537 (4.76%) 908 (6.96%)

No 2485 (20.5%) 2320 (20.6%) 2521 (19.3%)

Not recorded 9283 (76.6%) 8423 (74.7%) 9618 (73.7%)

drinking status <0.001

Yes 435 (3.6%) 558 (5.0%) 830 (6.4%)

No 2396 (19.8%) 2299 (20.4%) 2599 (19.9%)

Not recorded 9283 (76.6%) 8423 (74.7%) 9618 (73.7%)
fro
Continuous variables with a normal distribution were reported as mean ± standard deviation (SD), whereas skewed continuous variables were presented as medians (interquartile range [IQR]).
Categorical data are presented as n (%). To assess the presence of statistically significant differences among the tertiles, the c2-test was employed for categorical variables, the Kruskal–Wallis test
was used for skewed variables, and one-way analysis of variance (ANOVA) was applied for variables with a normal distribution.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CCR, creatinine clearance rate; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.
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hypertension, and family history of diabetes to explore other

potential risk factors and identify any special populations that

may affect this relationship. Subgroup analyses revealed no

significant interactions between triglyceride concentration and the

incidence of T2DM across various strata of age, BMI, smoking

status, drinking status, hypertension, and family history of diabetes.

However, sex was observed to modify the relationship between

triglyceride concentration and incidence of T2DM (P for

interaction<0.05); females exhibited a more pronounced

association [HR=2.72, 95% CI (1.78, 4.16)], whereas males

showed a less significant association [HR=1.35, 95% CI

(0.95, 1.91)].
Frontiers in Endocrinology 05
4 Discussion

The findings of this extensive longitudinal cohort study

conducted in a Chinese adult population suggest that even among

individuals considered healthy within the general population, an

increase in triglyceride levels within the normal range is linked to

elevated susceptibility to T2DM. After adjusting for covariates, the

results indicate that for every 1 mmol/L increase in normal

triglyceride levels, there was an 81% increase in the risk of

developing T2DM. Furthermore, our analysis revealed a

consistent and proportional relationship between normal

triglyceride levels and the risk of developing T2DM, spanning the

entire spectrum of normal triglyceride values. According to our

subgroup analysis, sex was a significant factor in determining

normal triglyceride concentration and the risk of developing

T2DM. Specifically, in the female cohort, a stronger positive

correlation was observed between normal triglyceride levels and

the risk of T2DM.

Increasing evidence suggests that triglycerides, when combined

with other indicators, serve as independent predictive factors for the

risk of developing T2DM. A longitudinal study spanning 5 years

and comprising 25,248 participants from China discovered that the

triglyceride-glucose index (TyG index) shows potential as a reliable

marker for forecasting the transition from normal blood sugar levels

to prediabetes among the Chinese population (16). In a 13-year

cohort study conducted in Japan with a participant pool of 15,464

individuals, multivariate Cox regression analysis revealed the

triglyceride-glucose BMI index (TyG-BMI) as an autonomous

prognosticator for the initiation of T2DM (10). A common

thread among these studies is the use of triglycerides as a

fundamental parameter, indicating a potential association

between triglyceride levels and diabetes. This collective

observation underscores the possibility of an underlying

connection between triglyceride concentration and the

development of diabetes.

Previous studies have also indicated a positive correlation

between elevated triglyceride levels and the risk of diabetes. In,

2019, Zhao et al. conducted an 8-year follow-up study in China
FIGURE 2

Kaplan-Meier analysis of diabetes mellitus type 2 incidence stratified
by tertiles of triglyceride levels (log-rank test, P< 0.001).
TABLE 2 Association of normal triglyceride levels with incident diabetes mellitus type 2.

Outcome
Crude Model Model I Model II Model III

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Triglyceride(mmol/L) 4.76 (3.77, 6.01) <0.001 2.70 (2.11, 3.45) <0.001 1.79 (1.39, 2.31) <0.001 1.81 (1.39, 2.36) <0.001

Triglyceride(mmol/L) tertile

Low Reference Reference Reference Reference

Middle 1.65 (1.28, 2.12) <0.001 1.19 (0.92, 1.54) 0.179 0.95 (0.73, 1.23) 0.705 1.12 (0.87, 1.45) 0.386

High 3.48 (2.79, 4.34) <0.001 2.01 (1.60, 2.52) <0.001 1.40 (1.11, 1.77) 0.004 1.51 (1.19, 1.92) <0.001

P for trend <0.001 <0.001 < 0.001 <0.001
fro
Model I was adjusted for age and sex.
Model II was adjusted for age, sex, BMI, SBP, DBP, hypertension, smoking status, drinking status, and family history of diabetes.
Model III was adjusted for age, sex, BMI, SBP, DBP, FPG, cholesterol, HDL-C, LDL-C, ALT, AST, BUN, CCR, hypertension, smoking status, drinking status, and family history of diabetes.
CI, confidence interval; HR, hazard ratios; other abbreviations as in Table 1.
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involving 7,241 middle-aged and senior individuals with a mean

baseline age of 61.49 ± 13.85 years. The study showed that

compared to the normal triglyceride group (TG<1.7 mmol/L), the

hazard ratios for the critical group (TG=1.7–2.25 mmol/L) and high

triglyceride group (TG>2.26 mmol/L) were 1.30 (95% CI 1.04–1.62)

and 1.54 (95% CI 1.24–1.90), respectively (8). In, 2018, Zheng et al.

conducted a study on the relationship between triglyceride levels

and glycemic control in patients with T2DM who were undergoing

insulin therapy (17). This study demonstrated that inhibiting

triglyceride levels can lead to optimized glycemic control in

patients with T2DM. An increasing body of literature has

established a positive correlation between elevated triglyceride

levels and the risk of developing T2DM. The interaction between
Frontiers in Endocrinology 06
high levels of tr iglycerides and glucose may lead to

“glucolipotoxicity” exerting negative effects on the function and

quantity of beta cells. This phenomenon is mediated through

multiple pathways and is influenced by various factors (18).

Elevated triglyceride levels may result in insulin resistance, which

is a significant risk factor for diabetes. During the development of

insulin resistance and diabetes, beta cells undergo a series of

adaptations and failures. In the early stage of insulin resistance,

beta cells compensate through increased function and quantity

(referred to as glucolipid adaptation). However, over time,

sustained hyperglycemia and lipid levels can lead to gradual

deterioration of beta cell function, ultimately leading to the

development of diabetes (19).

To our knowledge, few studies have investigated the

relationship between normal fasting triglyceride levels and the

incidence of T2DM in the general population. In, 2022, Szili-

Torok et al. conducted a median follow-up of 11.4 years on 2,085

participants with normal triglyceride levels and no metabolic

syndrome in the Netherlands. This study showed an independent

correlation between the incidence of T2DM and triglyceride levels

within the normal range (20). In their investigation, the researchers

observed a consistent association between normal triglyceride levels

and the risk of T2DM across various subgroups, including age, BMI,

smoking status, waist circumference, hypertension, glomerular

filtration rate, and antihypertensive drug use. Similarly, we

conducted a subgroup analysis and revealed a stable relationship

between triglyceride levels and T2DM risk according to age, BMI,

smoking status, drinking status, family history of diabetes, and

hypertension. However, within the sex subgroup, we observed a

stronger correlation between normal triglyceride levels and the risk

of T2DM in females than in males. Numerous sex-based differences

have been observed in the occurrence and progression of diabetes

(21). Moreover, similar sex differences have been reported to exist in

the relationship between body roundness index (BRI) and T2DM
FIGURE 4

Subgroup analysis of the relationship between triglyceride concentration and diabetes mellitus type 2. Adjustments were made based on age, sex,
BMI, SBP, DBP, FPG, cholesterol, HDL-C, LDL-C, ALT, AST, BUN, CCR, hypertension, smoking status, drinking status, family history of diabetes,
except for subgroup variables. As in Table 1.
FIGURE 3

Hazard ratios (95% confidence intervals) for the association between
triglyceride concentration and the risk of diabetes mellitus type 2.
The red line represents the estimated risk of diabetes mellitus type
2, whereas the blue line represents the 95% confidence interval after
adjusting for covariates.
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(22). These differences may be associated with the protective effects

of estrogen. Before menopause, women exhibit a lower incidence of

insulin resistance and T2DM thanmen of similar age. However, this

protective effect is weakened or disappeared after menopause, and

men and postmenopausal women showed similar incidences of

insulin resistance and T2DM (23–25). Insulin resistance and the

incidence of T2DM are also influenced by metabolic differences

between the sexes (26). Previous studies have shown that women

have lower insulin sensitivity than men of the same age, which may

make women more vulnerable to insulin resistance, thus increasing

the risk of diabetes (27). In addition, women tend to have fat

distribution in the waist and abdomen after postpartum and

menopause, which is closely related to the increased risk of

metabolic syndrome and diabetes (28). Additionally, TyG is

calculated by multiplying fasting triglyceride levels and fasting

blood sugar concentrations; therefore, as the value of the TyG

index increases, the severity of insulin resistance also intensifies (29,

30). Sex differences in the association between normal triglyceride

levels and the risk of developing T2DM could potentially be

explained by these factors. Owing to the current lack of relevant

data to define menopause and insulin resistance, our study was

unable to delve deeper into the specific role of normal triglyceride

levels in sex differences and T2DM. Further research is required for

a more comprehensive analysis.

This study has important clinical implications, suggesting that re-

evaluating the normal range of plasma triglycerides may be necessary.

Our results suggest that individuals can benefit from adopting certain

lifestyle modifications, including reducing alcohol consumption,

increasing physical activity, substituting saturated fats with

monounsaturated fats (such as extra virgin olive oil) and

polyunsaturated fats (non-tropical plant oils), and limiting the

intake of refined carbohydrate-rich foods such as sucrose and

fructose (31). By minimizing triglyceride levels to the greatest

extent possible, these guidelines can mitigate triglyceride levels and

attenuate the probability of T2DM onset in a broader population.

However, to ensure the generalizability of our findings, it is essential

to obtain independent validation from other populations, including

diverse ethnicities and socioeconomic backgrounds. Furthermore, it

would be highly valuable to conduct experimental studies in humans

and appropriate preclinical models to elucidate the underlying

mechanisms by which triglycerides affect insulin resistance and

beta-cell function. Our findings provide a foundation for further

investigations into the role of triglycerides in T2DM pathogenesis,

potentially leading to the development of novel therapeutic strategies.

Our study has several strengths. First, this was a large-scale

population-based cohort study that enabled us to observe the

correlation between normal triglyceride levels and the risk of

T2DM. However, further research on the pathological and

physiological mechanisms is needed to strengthen this association

and overcome potential limitations. Second, we implemented

rigorous statistical adjustments to minimize the influence of

confounding factors. We systematically included all the relevant

covariates in the Cox regression model and compared the regression

coefficients by inputting or eliminating each covariate individually

in the basic and complete models. Third, our study is the most
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comprehensive investigation of the association between normal

triglyceride levels and the risk of T2DM, with a substantial

sample size and extensive adjustments for confounding factors.

Fourth, we conducted a sensitivity analysis to ensure the robustness

of our findings across subgroups. Moreover, we employed curve

function fitting to reveal a persistent linear relationship between

normal triglyceride concentration and the risk of T2DM. However,

our study has a few limitations. First, owing to data constraints, we

could not obtain information on glycosylated hemoglobin, a

valuable biomarker for diabetes diagnosis. Second, more detailed

follow-up data such as sleep, nutrition, and exercise status were

unavailable, potentially introducing additional confounding factors

that should be considered. Third, the incidence of T2DM may have

been underestimated, as oral glucose tolerance tests were not

performed. Finally, our study focused on a Chinese population

cohort, primarily from urban areas in southern China; thus, the

generalizability of our results to northern Chinese and non-Chinese

populations requires further investigation.
5 Conclusion

Our research demonstrates an independent positive association

between normal triglyceride levels and the likelihood of developing

diabetes mellitus type 2. For every 1 mmol/L increase in

triglycerides, the risk of developing T2DM increased by 81%.

Moreover, we established a positive linear relationship between

triglyceride levels and the risk of T2DM across the entire range of

normal triglyceride concentrations. Further investigation is

necessary to elucidate the causal relationship between normal

triglyceride levels and T2MD.
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