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Background: The association between triglyceride(TG) levels and the risk of diabetes mellitus (DM) continues to be a subject of
considerable interest and debate within the scientific community. To date, there has been a lack of studies specifically examining this
relationship within the Chinese population. This study seeks to elucidate the correlation between TG levels and the incidence of DM
among the Chinese demographic.

Methods: This study constitutes a secondary analysis of a retrospective cohort investigation comprising 202,888 Chinese participants
who were free of DM at baseline and were subsequently followed from 2010 to 2016. Cox regression method and sensitivity analyses
were used to examine the relationship between TG levels and DM. To examine the potential non-linear relationship between TG levels
and the incidence of DM, Cox proportional hazards regression incorporating cubic spline functions and smooth curve fitting was
employed. Additionally, a two-piece Cox proportional hazards regression model was utilized to identify the inflection point at which
TG levels influence the risk of developing DM.

Results: In participants with DM, baseline TG levels were elevated. After adjusting for confounding variables, baseline TG levels
were positively associated with incident DM. (HR:1.25,95% CI:1.21-1.30,P<0.001). In addition, we conducted sensitivity analyses to
ensure the results were robust. There was a 88% increase in DM risk from the top TG tertile to the bottom TG tertile.
Our research discovered a significant link between TG and DM when TG levels were below 1.27 mmol/L (HR:2.35, 95% CI:
1.95-2.83,P < 0.001).

Conclusion: This study shows that TG was positively and non-linearly associated with the risk of DM after adjusting for other
confounding factors.Below 1.27 mmol/L, increasing TG levels greatly heighten the risk of DM, whereas above this level, the risk
is lower.
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Introduction

Diabetes mellitus (DM) is a complex disease that involves lifestyle factors and genetic predisposition.' In accordance
with estimates from the International Diabetes Federation, the prevalence of DM in the world is based on age will
increase to 10.2% by 2030 and 10.9% by 20457 Among the most prevalent chronic diseases, DM has placed
a considerable economic burden on patients and their countries.” It is estimated that the global cost of DM was
approximately 1.3 trillion USD in 2015, and this cost is expected to rise to 2.1 trillion USD by 2030.*

There is a link between DM and dyslipidemia, a condition in which the triglyceride (TG) are high and the high-
density lipoprotein cholesterol (HDL-C) is low.>® Empirical studies have demonstrated a correlation between insulin
resistance and elevated TG levels.” The intricate mechanisms underlying the association between TG and insulin
resistance encompass multiple pathways. TG undergo hydrolysis into glycerol and free fatty acids (FFAs) via the action
of lipase. Increased TG concentrations are associated with an enhanced flux of FFAs from adipose tissue to the liver,
a critical factor in the development of hepatic insulin resistance.® Elevated plasma FFAs disrupt insulin signaling by
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interfering with the cascade that links insulin receptors to glucose transporters.” This disruption is particularly
pronounced in skeletal muscle, where the accumulation of intramyocellular lipids is linked to insulin resistance.'®
Moreover, elevated TG levels are associated with increased inflammatory markers, such as C-reactive protein, which
independently predict insulin resistance.'''?

Furthermore, researchers have identified that participants with elevated TG levels exhibit a significantly higher
likelihood of developing incident DM compared to those with lower TG levels.'* However, contrary to what was
reported in prospective studies of Caucasian and Swedish males and a white population in France, high TG levels were
not associated with DM when conventional risk factors were adjusted for.""'*'> The relationship between TG levels and
DM risk remains a contentious topic in the literature, and it is uncertain whether TG levels are linked to DM risk in the
Chinese population. Consequently, by analyzing a publicly available Chinese health database, we aim to investigate the
potential association between TG levels and the incidence of DM in the Chinese population.

As part of this study, we used previously published data to analyze secondary data. There was a study done in that
paper that examined the relationship between body mass index (BMI) and DM incidence.'® In the secondary analysis, TG
was treated as an independent variable, while outcome variable and other covariates remained the same.

Methods
Study Population and Design

The study design used in this research is a secondary analysis of an existing dataset. The original study was
a retrospective cohort study, and the data from this study were publicly available in Dryad’s Digital Repository
(https://doi.org/10.5061/dryad.ft8750v).'*!” For the current analysis, we utilized this existing dataset to explore the

relationship between TG and DM risk. The initial study cohort included 685,277 participants in China, who were at least
20 years old and had at least 2 visits between 2010 and 2016. The follow-up period began after the first health
examination in 2010 and ended either when diabetes was diagnosed or on 31 December 2016, whichever occurred
first. According to Chen’s study design, these individuals were excluded from this retrospective cohort study because
they met the following criteria at baseline: (1) diabetic diagnosis at baseline, (2) Less than two-year follow-up subjects,
(3) unknown DM status at follow-up, (4) no available height and weight value, (5) no available information on gender,
(6) no available value of fasting plasma glucose (FPG), (7) Indicator of extreme body mass (BMI) value (BMI<15 kg/m2
or BMI>55 kg/m?).'® Thus, the meticulous exclusion process resulted in a original dataset of 211,833 participants.

For this secondary analysis, we further narrowed down the original cohort by removing 8945 participants without TG
values (no available TG, or TG > 4.5 mmol/l), resulting in a total of 202,888 participants (Figure 1).

In addition, Other indicators such as demographics (age, gender):, lifestyle (smoking and drinking status), history of
chronic diseases (family history of diabetes) and laboratory tests [body mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), fasting plasma glucose (FPG), TG, low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C); aspartate aminotransferase (AST), alanine aminotransferase (ALT), blood urea
nitrogen (BUN), and serum creatinine (SCR)], were also detailed measured in the previous studies. Based on the original
dataset, normoglycemia was defined as a fasting FPG level < 7.00 mmol/L. Smoking status was categorized as 1 (current
smoker), 2 (ever smoker), or 3 (never smoker). Drinking status was categorized as 1 (current drinker), 2 (ever drinker), or
3 (never drinker). In the original research, it was documented how the retrospective cohort study was designed.'®

This study was exempted from ethical review by the Ethics Committee of Shanghai Tenth People’s Hospital as it involved
analysis of pre-existing, anonymized data from the Dryad repository. All original data collection procedures were conducted in

accordance with the Declaration of Helsinki and approved by the original authors’ institutional ethics committee.'®

Diagnosis of DM and Measurement of TG Levels

The diagnosis of incident DM was established in accordance with the 1999 World Health Organization (WHO) criteria,
which specify a fasting plasma glucose (FPG) level of > 7.00 mmol/L or self-reported DM during the follow-up period.
Participants were censored at the date of DM diagnosis or at the final visit, whichever occurred first.
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685277 subject were selected from 2010-2016

Exclude :

1.subjects no height and weight ( n =103946 )
2.no gender data(n=1)

3.extreme BMI value ( n =152)

4.no FPG ( n =31370)

5.subjects with a baseline diagnosis of diabetes
(n=7112)

6.unknow diabetes status at followup( n
=6630)

7.visit intervals <2 years ( n =324233)

211833 subjects were enrolled

According to our study:

Exclude :
no available TG or TG =4.5mmol/I(n=8945)

202,888 participants were included in the study
3839with DM
199049without DM

Figure | Flowchart of participant selection and exclusion criteria.
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; TG, triglyceride; DM, diabetes mellitus.

Fasting venous blood samples were collected after a minimum fasting period of 10 hours at each visit. Serum TG
level and total cholesterol levels were quantified using an autoanalyzer (Beckman 5800). Plasma glucose levels were
assessed using the glucose oxidase method on the same autoanalyzer.'®

Statistical Analysis
An advanced method of dealing with missing values, multiple imputation (MI), was performed using IBM SPSS
Statistics (Version 27). Statistical significance was determined by a P-value of < 0.05 using EmpowerStats software
(http://www.empowerstats.com/cn/, X&Y Solutions, Inc., Boston, MA, USA).

The TG level were categorized into tertiles for analytical purposes: tertile 1 (0.03—0.83 mmol/L), tertile 2 (0.84—
1.38 mmol/L), and tertile 3 (1.39—4.49 mmol/L). Continuous variables exhibiting a normal distribution were reported as

mean =+ standard deviation, whereas variables with a skewed distribution were presented as median (interquartile range).
Categorical variables were expressed as percentages. To compare baseline characteristics across the three tertiles,
statistical tests were selected based on the distribution and type of variables. For continuous variables, one-way analysis
of variance (ANOVA) was employed for normally distributed data, while the Kruskal-Wallis test was utilized for data
that did not follow a normal distribution. The chi-square test was applied to evaluate differences in proportions for
categorical variables across the groups.

The Kaplan-Meier method was applied to compare survival and cumulative event rates across TG tertiles. The
influence of TG levels on the risk of DM was evaluated using univariate Cox regression analysis. To further elucidate the
association and the robustness of test results, multivariate Cox regression analysis was performed with the following
models: the Crude model (no adjustments), Model 1 (adjusted for age and gender), Model 2 (adjusted for age, gender,
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BMI, SBP, DBP, FPG, LDL-C,AST, ALT, BUN, and SCR), and Model 3 (adjusted for age, gender, BMI, SBP, DBP,
FPG, HDL-C, LDL-C,AST, ALT, BUN, SCR, smoking and drinking status, and family history of diabetes).

To control for potential confounding factors, total cholesterol (TC) was excluded from the final models due to significant
multicollinearity (variance inflation factor [VIF] > 5) identified through VIF analysis (Supplementary Table S1). The VIF

values for all remaining variables were below 5, indicating no significant multicollinearity issues. To further test the
robustness of our findings, we analyzed the dataset prior to imputation, and the results demonstrated consistent effect
estimates, as presented in Supplementary Table S2. These findings underscore the reliability of the analyses conducted.

To explore the potential nonlinear relationship between TG levels and incident DM, we employed Cox proportional
hazards regression with cubic spline functions and smooth curve fitting. A recursive algorithm was implemented to
identify inflection points, which was followed by the construction of two-segment Cox proportional hazards regression
models to independently analyze the data on either side of the inflection points. The log-likelihood ratio test was
employed to determine the optimal model for the association between TG levels and the incidence of DM.

Results

The Baseline Characteristics of Participants

At baseline, 202,888 subjects with normoglycemia were included (mean age 42.14 years old, 54.37% male, 45.63%
female). The participants were divided into subgroups based on their TG tertiles (0.03-0.83, 0.84—1.38, 1.39-4.49). As
shown in Table 1, baseline characteristics of the subjects are grouped according to their TG tertiles. Subjects with
a higher TG were usually male, older and showed higher DBP, SBP, BMI, FPG, LDL, TC, AST, ALT, BUN, and SCr
levels, but lower HDL-C levels (all P < 0.05). Participants with missing DBP, SBP, TC, HDL-C, LDL, ALT, AST, BUN,
and SCR were 23, 24, 1, 87, 841, 86, 715, 1602, 117, 498, 18253, and 9256. Furthermore, there were missing data
regarding smoking and drinking statuses 145443 and 145443.

Table | The Demographic Characteristics of Study Participants

variable overall Tertiles of triglyceride
Tertile | Tertile 2 Tertile 3 P-value
(0.03-0.83) (0.84-1.38) (1.39-4.49)
Participants 202888 67,951 68,858 66,079
Age(years) 42.14 £ 12.70 38.27 + 10.75 42.35 £ 1291 45.89 £ 13.16 <0.001
BMl(kg/m?) 23.20 + 3.32 21.54 £2.72 23.06  3.11 25.05 + 3.16 <0.001
SBP(mmHg) 118.94 + 16.35 113.70 = 14.61 118.75 £ 15.99 12452 + 16.59 | <0.001
DBP(mmHg) 74.07 + 10.77 70.63 £ 9.76 73.86 + 10.39 77.83 £ 10.93 <0.001
FPG(mmol/l) 4.92 £ 0.60 4.80 £ 0.54 4.90 £ 0.60 5.06 + 0.63 <0.001
TC(mmoll/l) 4.70 £ 0.89 433 £0.76 4.68 £ 0.83 5.09 £ 0.91 <0.001
HDL-C(mmol/l) 1.38 £ 0.31 1.49 £ 0.30 1.39 £ 0.30 1.26 £ 0.28 <0.001
LDL(mmol/l) 2.77 £ 0.68 2.51 £ 0.57 2.79 + 0.65 299 £ 0.71 <0.001
AST(IU/L) 24.00+ 12.23 21.64 £ 9.97 23.54 £ 12.49 26.94 £ 13.45 <0.001
ALT(IU/L) 2371 £21.93 17.48 £ 16.04 22.38 £ 21.00 31.52 £ 25.49 <0.001
BUN(mmol/L) 4.66 £ .18 458 £ |.19 4.64 £ 1.19 476 £ 1.17 <0.001
SCR(umol/L) 69.98 + 15.80 65.42 + 14.89 70.04 + 15.82 74.52 + 1535 <0.001
Gender <0.001
Male 110308 (54.37%) | 24,339 (35.82%) | 37,880 (55.01%) | 48,089 (72.78%)
Female 92580 (45.63%) | 43,612 (64.18%) | 30,978 (44.99%) | 17,990 (27.22%)
Family history of DM <0.001
NO 198738 (97.95%) | 66,684 (98.14%) | 67,408 (97.89%) | 64,646 (97.83%)
Yes 4150 (2.05%) 1267 (1.86%) 1450 (2.11%) 1433 (2.17%)
(Continued)
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Table | (Continued).

NO
Yes

199049 (98.11%)
3839 (1.89%)

67,553 (99.41%)
398 (0.59%)

67,839 (98.52%)
1019 (1.48%)

63,657 (96.33%)
2422 (3.67%)

variable overall Tertiles of triglyceride
Tertile | Tertile 2 Tertile 3 P-value
(0.03-0.83) (0.84-1.38) (1.39-4.49)
Smoking status <0.001
Never smoker 43796 (76.24%) | 14,787 (87.19%) | 15,497 (77.40%) | 13,512 (66.03%)
Current smoker 11201 (19.50%) 1695 (9.99%) 3646 (18.21%) 5860 (28.64%)
Ever smoker 2448 (4.26%) 478 (2.82%) 880 (4.39%) 1090 (5.33%)
Drinking status <0.001
Never drinker 47618 (82.89%) | 14,885 (87.77%) | 16,717 (83.49%) | 16,016 (78.27%)
Current drinker 1268 (2.21%) 200 (1.18%) 399 (1.99%) 669 (3.27%)
Ever drinker 8559 (14.90%) 1875 (11.06%) 2907 (14.52%) 3777 (18.46%)
Incident DM at follow-up <0.001

Notes: Continuous data are expressed as mean+SD. Categorical data are expressed as n (%).One-way ANOVA and Kruskal-Wallis test
are utilized to assess the differences among continuous variables across various triglyceride tertile groups, while the Chi-square test

is employed to examine the distribution differences of categorical variables.A p-value of <0.05 was considered statistically significant.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL, Low-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; BUN, blood urea nitrogen; SCR, serum creatinine; DM, diabetes.

Univariate Analysis

In Table 2, we present the results of the univariate analysis. Based on the univariate analysis, the incidence of DM was
positively related to age, BMI, DBP, SBP, TC, TG, LDL, FPG, SCR, BUN, drinking and smoking status, and family
history of diabetes. In addition, there is a negative correlation between HDL-C and DM incidence. The incidence of DM

is significantly lower in women than in men.

Table 2 The Results of Univariate Analysis

Statistics HR (95% CI) P value
Age(years) 42.14 £ 12.70 1.07 (1.06, 1.07) <0.001
BMI(kg/m?) 23.20 + 3.32 1.24 (1.23, 1.25) <0.001
SBP(mmHg) 118.94 + 16.35 1.04 (1.04, 1.04) <0.001
DBP(mmHg) 74.07 £ 10.77 1.05 (1.04, 1.05) <0.001
FPG(mmol/l) 4.92 + 0.60 10.71 (10.24, 11.21) | <0.001
TC(mmol/l) 4.70 = 0.89 1.41 (1.37, 1.45) <0.001
TG(mmol/l) 1.26 £ 0.74 2.02 (1.96, 2.08) <0.001
HDL-C(mmol/l) 1.38 £ 0.31 0.61 (0.53, 0.69) <0.001
LDL(mmol/l) 2.77 £ 0.68 1.37 (1.30, 1.44) <0.001
AST(IU/L) 24.00+ 12.23 1.01 (1.00, 1.01) <0.001
ALT(IU/L) 23.71 £21.93 1.00 (1.00, 1.00) <0.001
BUN(mmol/L) 4.66 = 1.18 1.24 (1.22, 1.27) <0.001
SCR(umol/L) 69.98 + 15.80 1.01 (1.00, 1.01) <0.001
Gender
Male 110308 (54.37%) Ref
Female 92580 (45.63%) 0.50 (0.47, 0.54) <0.001
Drinking status
Never drinker 47618 (82.89%) Ref
Current drinker 1268 (2.21%) 2.09 (1.53, 2.85) <0.001
Ever drinker 8559 (14.90%) 0.96 (0.81, 1.14) 0.662

(Continued)
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Table 2 (Continued).

Statistics HR (95% CI) P value
Smoking status
Never smoker 43796 (76.24%) Ref
Current smoker 11201 (19.50%) 2.12 (1.86, 2.42) <0.001
Ever smoker 2448 (4.26%) 1.76 (1.37, 2.26) <0.001
Family history of DM
NO 198738 (97.95%) Ref
Yes 4150 (2.05%) 1.72 (1.46, 2.02) <0.001

Notes: Continuous data are expressed as meantSD. Categorical data are expressed as
n (%).The Cox proportional risk model was used to calculate the hazard ratio (HR) and its
95% confidence interval (Cl) to assess the strength of the association between the variable
and the outcome. A p-value of <0.05 was considered statistically significant.
Abbreviations: HR, hazard ratios; Cl, Confidence interval; Ref, Reference; BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood
glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein choles-
terol; LDL, Low-density lipoprotein; AST aspartate aminotransferase; ALT, alanine amino-
transferase; BUN, blood urea nitrogen; SCR, serum creatinine; DM, diabetes.

In Figure 2, Kaplan-Meier curves were shown stratified by TG category for DM incident risk. Among the three TG
groups, there was a significant difference in the DM incident risk (p < 0.001). With increasing TG, the cumulative DM

incident risk increased too.

TG tertile Low 4 ==Middle High
= 1009 T —
E; ~ -
= 0.7571 !

C/) :‘H L
[Ga)] il }
[Ga)]
20507
%
<3|
= 0.257
= p < 0.0001
=
(e

0.001

0 2 4

Follow—up time (year)

Number at risk

67951 34601 15863 3055 1 1

- 68858 33469 14376 2781 1 0
69029 33272 13743 2820 2 0

3 4 s 6 1

Follow—up time (year)

Figure 2 Kaplan—Meier event-free survival curve. Kaplan—Meier analysis of incident diabetes-free survival based on TG groups (log-rank, p < 0.0001).
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The Multivariate Analysis of TG With DM Risk

Cox proportional hazard regression models with crude and adjusted estimates were used to evaluate the associations
between TG and DM incidence (Table 3). After excluding TC due to multicollinearity, the relationship between TG
levels and incident DM remained significant. Unadjusted model results showed that TG levels are associated with DM
risk (HR=2.02, 95% CI: 1.96 to 2.08, P<0.001). In model I (adjusted gender, age), the result still existed (HR: 1.69, 95%
CI: 1.64 to 1.75, P<0.001). As a result of adjusting for age, gender, BMI, SBP, DBP, FPG, HDL-C, LDL, AST, ALT,
BUN, SCR in the model 2, the connection was detectable (HR=1.26, 95% CI: 1.22 to 1.31, P<0.001). Furthermore, after
adjusting for age, gender, BMI, SBP, DBP, FPG, HDL-C, LDL, AST, ALT, BUN, SCR, smoking and drinking status,
family history of diabetes, the connection could also be detected (HR: 1.25, 95% CI: 1.21 to 1.30, P<0.001). We also
considered TG as a categorical variable (tertiles) for the purpose of sensitivity analysis. It was found that DM risk
increased by 88% from the top tertile to the bottom tertile in the model 3, and that there was a significant trend across the
tertiles (P for trend< 0.001). The TG can be considered an independent risk factor for DM because its positive correlation
with DM can be observed.

The Relationship Between TG Levels and Incident DM

After fitting smoothing splines, the relationship between TG and DM incidence was non-linear (Figure 3). A positive
relationship was observed between TG and DM incidence (HR:1.25,95% CI:1.21-1.30, P<0.001). Based on a two-
piecewise linear regression model, TG’s inflection point was 1.27 (Log likelihood ratio test P < 0.001). We found
a positive relationship between TG and DM incidence on the left of the inflection point (HR:2.35, 95% CI:1.95-2.83,P <
0.001), but a weak positive relationship on the right (HR: 1.14, 95% CI: 1.09-1.19, P < 0.001) (Table 4).

Discussion

In this longitudinal cohort study, the TG was examined in relation to incident DM among Chinese adults, and we found
that it was positively correlated and independent of other covariates in incident DM. Additionally, we found that the
effect sizes at the inflection point had different trends on the left and right [left (HR:2.35, 95% CI: 1.95-2.83,P < 0.001);
right (1.14, 95% CI: 1.09-1.19, P < 0.001)].

Based on our current understanding, there is a contentious issue regarding TG levels and the risk of DM. Several long-
term studies from Norway, Taiwan, and Japan have consistently confirmed that high TG level is a major risk factor for
DM.'® This is further supported by a 9-year longitudinal study in Japan, which indicated that having high TG level and
being obese are independent risk factors for DM.'® Additionally, according to a study in Asian-Indian men with prediabetes,
hypertriglyceridaemic waist phenotype is associated with incident DM, suggesting abdominal fat accumulation may
contribute to DM in these men.?® Furthermore, a study in Thais found a positive relationship between high TG level and
incident DM, consistent across different subgroups.?' Moreover, participants with persistent high TG levels had a 1.58-fold

Table 3 Regression Analysis of the Association Between TG Levels and DM

Crude model | P value Model | P value Model 2 P value Model 3 P value
HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI)
TG 2.02 (1.96, 2.08) | <0.001 1.69 (1.64, 1.75) | <0.001 1.26 (1.22, 1.31) | <0.001 1.25 (1.21, 1.30) | <0.001
TG tertiles
Low Ref Ref Ref Ref
Middle 2.70 (2.40, 3.03) | <0.001 1.88 (1.67, 2.12) | <0.001 1.44 (1.27, 1.62) | <0.001 1.44 (1.28, 1.62) | <0.001
High 6.81 (6.12,7.57) | <0.001 3.76 (3.37,4.19) | <0.001 1.90 (1.69, 2.13) | <0.001 1.88 (1.67, 2.11) | <0.001
P for trend <0.001 <0.001 <0.001 <0.001

Notes: Multivariate Cox regression analysis proportional hazard models were employed to calculate hazard ratios (HR) and their 95% confidence intervals
(Cl) for assessing the effect of TG levels on diabetes risk. A p-value of <0.05 was considered statistically significant. Crude model: we did not adjust for other
covariants. Model I: we adjusted for age, gender. Model 2: we adjusted for age, gender, BMI, SBP, DBP, FPG, HDL-C, LDL, AST, ALT, BUN, SCR. Model 3: we
adjusted for age, gender, BMI, SBP, DBP, FPG, HDL-C, LDL, AST, ALT, BUN, SCR, smoking and drinking status, family history of diabetes.

Abbreviations: HR, hazard ratios; Cl, Confidence interval; Ref, Reference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL, Low-density lipoprotein; AST aspartate aminotransferase; ALT, alanine amino-
transferase; BUN, blood urea nitrogen; SCR, serum creatinine.
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the incident of diabetes mellitus
0.015 0.020

0.010

TG

Figure 3 The relationship between continuous TG levels and incident DM. A nonlinear relationship between them was detected after adjusting for age, gender, BMI, SBP,
DBP, FPG, HDL-C, LDL, AST, ALT, BUN, SCR, smoking and drinking status, family history of diabetes.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol;
LDL, Low-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; SCR serum creatinine.

higher risk of DM according to the Kangbuk Samsung Health Study.*> However, after controlling for conventional DM risk
factors, prospective studies investigating Caucasian and Swedish cohorts of men as well as a white population in France
found no connection between high TG levels and DM."'*'> The results of our study indicated a positive correlation
between TG and diabetes risk, which is in agreement with the majority of prior studies. Previous research has indicated that
the association between high TG levels and DM risk may differ across ethnic groups. Our study provides evidence of
a significant positive correlation between TG levels and DM risk within the Chinese population. This finding is consistent
with the majority of prior studies conducted in Asian populations, including those from Taiwan, Japan, and Thailand, which
have consistently identified high TG levels as a significant risk factor for DM. Moreover, the robustness of our results was

Table 4 Threshold Effect Analysis of TG Levels on DM on Using Two-Piecewise Linear

Regression
Incident Diabetes HR(95% CI) | P value

Fitting model by standard linear regression 1.25 (1.21, 1.30) <0.001
Fitting model by two-piecewise linear regression
Infection point of triglyceride 1.27

< 1.27 2.35 (1.95, 2.83) <0.001

> 1.27 1.14 (1.09, 1.19) <0.001
P for log likelihood ratio test <0.001

Notes: Two-segment Cox proportional hazards regression models were utilized to assess the data on each side of
the inflection points. A p-value of <0.05 was considered statistically significant. We adjusted for age, gender, BMI, SBP,
DBP, FPG, HDL-C, LDL, AST, ALT, BUN, SCR, smoking and drinking status, family history of diabetes.
Abbreviations: HR, hazard ratios; Cl, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL, Low-density
lipoprotein; ALT, alanine aminotransferase; BUN, blood urea nitrogen; SCR, serum creatinine.
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verified through sensitivity analyses. A significant positive correlation between TG levels and DM risk was observed both
prior to data interpolation and after addressing the issue of collinearity.

The relationship between TG levels and DM is complex. Some studies have highlighted the role of cellular
mechanisms of insulin resistance.”> Among people with obesity-related insulin resistance and DM, intracellular TG
levels are strongly associated with insulin resistance.”* Meanwhile, several studies have demonstrated that DM is
characterized by insulin resistance caused by defective muscle glycogen synthesis.”®> Additionally, the association of
TG with skeletal muscle TG content and defects in fatty acid metabolism in DM and obesity has been explored.?

During TG metabolism, TG are hydrolyzed into glycerol and FFAs. Ectopic lipid deposition occurs when the capacity of
adipose tissue to safely store excess fatty acids is exceeded.”*?” The accumulation of FFAs in the liver is particularly harmful,
as it can lead to non-alcoholic fatty liver disease (NAFLD), a condition closely associated with insulin resistance.”®
In people with NAFLD, the buildup of TG and FFAs in the liver is frequently linked to heightened oxidative stress and
inflammation, which further disrupt insulin signaling.?*>° Additionally, the function of microRNAs (miRNAs) in modulat-
ing the effects of FFAs on insulin resistance has gained attention.*'~*? Saturated fatty acids have been found to increase the
levels of certain miRNAs, like miR-96, which in turn negatively affect insulin signaling by targeting crucial elements of the
insulin signaling pathway, such as insulin receptor substrate proteins.>> This suggests that dietary FFAs could affect gene
expression and post-transcriptional regulation, adding complexity to the link between fat consumption and insulin sensitivity.

Furthermore, the connection between TG levels and DM is linked to the creation and release of very low density
lipoprotein particles (VLDL).** The role of hepatic ABC transporters in regulating VLDL-TG production has been
highlighted, emphasizing the significance of hepatic function in lipid metabolism and its implications for DM.?’
Furthermore, alterations in the composition of VLDL subfractions have been observed in DM, with lower concentrations
of apolipoprotein C-III-containing large and small VLDL particles associated with DM, while high TG level itself was
linked to an increase of apolipoprotein C Ill-containing VLDL particles.*® Related studies showed that insulin resistance
has been found to increase the concentration of large VLDL and is associated with mean VLDL size.’” Furthermore,
studies have demonstrated that larger VLDL size and smaller HDL particles are independently associated with an
increased risk of DM in individuals with insulin resistance.®® These studies collectively provide insights into the
multifaceted mechanisms linking TG to DM, encompassing cellular, hepatic, and metabolic pathways.

At present, both domestic and international clinical guidelines advocate for maintaining TG levels below 1.7 mmol/L,
with clinical practice typically refraining from administering pharmacological interventions to patients who fall below
this threshold. Intriguingly, our findings suggest a nonlinear relationship between TG levels and DM risk. Overall, TG
levels have a positive correlation with the risk of DM. Results reveals that TG levels below 1.27 mmol/L are associated
with a significantly elevated risk of DM. We guess that at low TG concentrations, TG may decompose into FFAs, which
subsequently contribute to insulin resistance by disrupting insulin signaling pathways and promoting ectopic fat
deposition. However, a notable limitation of this study is its reliance on baseline TG data, which does not account for
dynamic changes during follow-up. Consequently, future research should incorporate dynamic TG monitoring, assess-
ments of FFA levels, and multi-omics data to more thoroughly elucidate the relationship between TG levels and DM risk.
However, when TG levels exceed 1.27 mmol/L, the risk of DM is actually lower than when levels are below this
threshold. It is possible that the decline in the higher risk ratio is impacted by factors such as lipid-lowering therapy, since
some individuals might have received this treatment during the follow-up. The observed plateau in DM risk at higher TG
levels may reflect unmeasured confounding factors. For instance, individuals with elevated baseline TG levels are more
likely to receive lipid-lowering therapies (e.g, fibrates) or lifestyle interventions during follow-up. These interventions
not only reduce TG levels but may also improve insulin sensitivity and mitigate DM. For example, fibrates have been
shown to lower TG levels while potentially improving glucose metabolism.** However, our study utilized baseline TG
data only, and detailed information on treatments or behavioral changes during follow-up was unavailable. Consequently,
the attenuated association in the high TG stratum might result from these unmeasured interventions counteracting the
pro-diabetic effects of elevated TG levels. To clarify these dynamics, future studies should incorporate serial TG
measurements and longitudinal data on treatments, lifestyle changes, and metabolic markers. Still, the overall results

indicate that TG are positively related to DM in the Chinese population.
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Our study has several strengths. First, we demonstrated that triglyceride (TG) levels are independently associated with
an increased risk of diabetes, highlighting TG as a key predictive marker in the Chinese population. Second, we identified
a nonlinear relationship between TG levels and diabetes risk, with a significant inflection point at 1.27 mmol/L, providing
new evidence for lipid control strategies. Third, the robustness of our results was confirmed through multiple imputation
for missing data and sensitivity analyses, including pre-imputation assessments and adjustments for confounding factors,
ensuring the stability and reliability of our findings.

It is important to note, however, that some limitations may exist. First, the relatively small sample size may limit the
generalizability of our findings. However, the statistically significant results after rigorous adjustment for confounders
underscores the robustness of our primary conclusions. Second, although we adjusted for a comprehensive set of
covariates (age, gender, BMI, SBP, DBP, FPG, HDL-C, LDL, AST, ALT, BUN, SCR, smoking and drinking status,
family history of diabetes), residual confounding due to unmeasured factors (eg, dietary habits, physical activity, or
genetic predispositions) cannot be entirely ruled out. Third, while multiple imputation was employed to address missing
data, potential bias may persist if the data were not missing completely at random. Future studies with larger, more
diverse populations, longitudinal designs, and detailed measurements of lifestyle and genetic factors are warranted to
validate and extend our findings. These limitations notwithstanding, our analysis strengthens the evidence linking
triglyceride levels to incident diabetes, even after accounting for key metabolic and demographic confounders.

Conclusions

This study shows that TG was positively and non-linearly associated with the risk of DM after adjusting for other
confounding factors. Below 1.27 mmol/L, increasing TG levels greatly heighten the risk of DM, whereas above
this level, the risk is lower.
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