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Purpose: The main purpose of this study was to examine the effect of the cumulative exposure of blood lipid parameters on type 2
diabetes mellitus (T2DM). Another purpose was to explore whether the cumulative burden of blood lipid parameters plays a certain
role in the pathogenesis of diet affecting T2DM.
Patients and Methods: A total of 63 cases of diabetes occurred from 2017 to 2020, with an incidence density of 3.71 person-years.
The dietary intake of the residents was obtained by using a dietary frequency questionnaire (FFQ). Cumulative lipid parameter burden
was calculated according to the number of years (2016–2020) multiplied by total cholesterol (TC), high density lipoprotein (HDL),
low density lipoprotein (LDL) and triglyceride (TG). A Cox proportional hazard model was used to estimate the effect of cumulative
lipid burden on T2DM. A mediating analysis of accelerated failure time (AFT) was used to investigate the mediating effects of certain
foods, the cumulative lipid parameter burden and T2DM.
Results: A higher cumulative TG load corresponded to a higher risk of T2DM onset (Ptrend=0.021). After adjusting for covariates, the
highest quartile cumulative TG burden had a 3.462 times higher risk of T2DM than that in the lowest quartile (HR=3.462, 95% CI:
1.297–9.243). Moreover, a higher cumulative HDL load corresponded to a lower risk of T2DM onset (Ptrend =0.006). After adjusting
for covariates, the risk of T2DM was 0.314-fold lower in the highest quartile of cumulative HDL burden than that in the lowest
quartile (HR=0.314, 95% CI: 0.131–0.753). Cumulative TG burden partially mediated the association between red meat and T2DM.
Conclusion: The increase in cumulative HDL burden and the decrease in cumulative HDL burden are related to the incidence of
T2DM. Cumulative TG burden was shown to play a partial mediating role in the pathogenesis of red meat and diabetes.
Keywords: type 2 diabetes mellitus, cumulative lipid parameter burden, diet, cohort study

Introduction
Diabetes mellitus, which is one of the leading risk factors for death worldwide, has a high disability rate and social and
economic burden, which has garnered a high degree of global concern.1,2 Diabetes mellitus (mainly type 2 diabetes
mellitus, or T2DM) has emerged as a major health challenge, due to the fact that its prevalence has doubled in the past
few decades and is still steadily increasing.3 Effective prevention and management of diabetes has become an essential
condition for addressing these challenges.4

Numerous studies have shown that patients with T2DM often have lipid metabolism disorders.5,6 However, most of
these studies have devoted attention to dyslipidemia in patients with diabetes or the association between the onset of
diabetes and baseline lipid levels.7,8 Due to the fact that lipid levels are dynamic, a longitudinal follow-up may be a better
indicator of the role of lipids in T2DM progression than the use of baseline lipid levels. However, to our knowledge,
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there are limited relevant studies in this area of research. Therefore, it is necessary to explore the effect of the cumulative
burden of lipid parameters on T2DM.

It is well known that diets such as fruits, vegetables, grains and red meat also play a role in the development of
T2DM.9–12 Lipid metabolism is also easily affected by diet. For example, a high-fat diet is considered to be an
indispensable factor causing lipid metabolism disorder,13 and excessive sugar intake was also found to have adverse
effects.14 Recent studies have shown that mushroom consumption may have beneficial effects on lipid profiles by altering
various metabolic markers, such as low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) choles-
terol, total cholesterol (TC) and triglyceride (TG).15 Consumptions of tea, vegetables and fruits that are rich in dietary
polyphenols have also been found to be effective in improving blood lipid parameters.16 Therefore, the issue as to
whether blood lipids play a role in the effect of diet on T2DM is another question that we focused on in this study.

Based on the information mentioned above, this study mainly discussed the influence of the cumulative burden of
lipid parameters on the incidence of T2DM. The second purpose of this study was to explore the possible role of the
cumulative burden of blood lipid parameters in the pathogenesis of diet affecting T2DM. The results of our study can
provide clues for the prevention of diabetes.

Materials and Methods
Study Population
The study population included individuals from the Gannan Chronic Disease Cohort Study. The Gannan cohort study is
a longitudinal survey designed to investigate the risk factors for chronic disease among the population aged 35 to 65
years in the less economically developed regions of southern China. The economic level of each region was similar, and
there was little difference among the occupations and education levels of the research subjects. The cohort began to be
studied in 2016, and the participants who entered the cohort received a questionnaire survey, physical examination and
blood index tests at a fixed time (from July to August) every year. Written informed consent was obtained from the
participants at each stage, and the study protocol was approved by the ethics committee of Gannan Medical University
and complied with the Helsinki Declaration.

Demographic and Clinical Characteristics Assessment
Demographic characteristics, medical history, age, smoking status, alcohol use and physical activity of all of the
participants were obtained via the baseline questionnaire. Blood sample collection, blood pressure monitoring and
anthropometric measurements were evaluated by experienced medical professionals. The blood samples of the partici-
pants were collected in the early morning after at least 8 hours of fasting. Glycated hemoglobin (HbA1c), fasting blood
glucose (GLU), TG, TC, HDL and LDL levels were measured. Average blood pressure was measured three times in
a quiet environment to determine the participants’ systolic and diastolic blood pressure readings (SBP and DBP).
Anthropometric measurements were conducted according to the International Society for the Advancement of
Kinanthropometry (ISAK) protocol.17 Body mass index (BMI) was calculated according to the formula: BMI =
weight/(height)2. According to the Chinese BMI classification standard recommended by the WHO, we classified BMI
into three categories: lean (<18.5 kg/m2), normal (18.5–23.9 kg/m2), overweight and obese (≥24.0 kg/m2).18 The study
outcome was defined as the first occurrence of T2DM during 2017–2020. T2DM was diagnosed according to the criteria
of the World Health Organization (WHO).19

Dietary Assessment
Dietary intake was assessed via a Food Frequency Questionnaire (FFQ). Participants were evaluated for dietary intake at
baseline. During the follow-up, they were asked whether their dietary habits had changed, and the unchanged subjects
were enrolled. In the face-to-face interview, participants were asked about their intake of seven food groups in the past 12
months, including staple food, red meat, eggs, aquatic products, milk and dairy products, vegetables, legumes and soy
products. Subsequently, the reported frequencies of consumption of each food (daily, weekly, monthly and annual) were
converted to daily intake.
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Cumulative Lipid Parameter Burden Assessment
The cumulative lipid parameter burden was calculated according to the following formula:20 cumulative burden = ([value
2017 + value 2018]/2-cutoff) + ([value 2018 + value 2019]/2-cutoff) + ([value 2019 + value 2020]/2-cutoff). The cutoff
points for TC, TG, LDL and HDL were 5.2 mmol/L, 1.7 mmol/L, 2.6 mmol/L and 1.0 mmol/L, respectively.

Statistical Analysis
Numerical data are described as the mean and standard deviation or the median and lower and upper quartiles (M, [P25,
P75]) and were compared between groups by using the Student’s t test or the Mann-Whitney U-test, as appropriate.
Categorical variables are described as numbers and were tested via the chi-square test. A Cox proportional hazard model
was used to estimate the effect of cumulative lipid burden on T2DM. Cumulative TG, cumulative LDL, cumulative HDL
and cumulative TC burden were reported as continuous variables, and the classification variable was reported as
a quartile in the Cox proportional hazard model. A multiple linear regression analysis was used to examine the
relationship between dietary intake and cumulative lipid parameter burden. A mediating analysis of accelerated failure
time (AFT)21 was used to investigate the mediating effects of certain foods, the cumulative lipid parameter burden and
T2DM. The regression coefficients and 95% confidence intervals (CIs) of the direct effect, intermediary effect and total
effect were calculated through 1000 bootstrap iterations, in order to test the significance of the mediation effect. Due to
the fact that some of the covariant data are missing, we handled the missing values before the analysis (linear
interpolation). When considering that the process may have an impact on the results, we complemented the sensitivity
analysis. All of the statistical analyses were conducted by using IBM SPSS version 23.0 (IBM SPSS, Inc., Chicago, IL,
USA), except for the mediation analysis. The provided P values are two-tailed, and P<0.05 was considered to be
statistically significant. The mediation analysis was performed by using R software (R version 4.1.0) and the mediation
effect was considered to be significant if the bootstrap confidence interval of the indirect effect did not include 0.

Results
Baseline Characteristics
A total of 4869 residents were enrolled at baseline from 2017 to 2019. After excluding unqualified subjects and subjects
with incomplete data, the number of effective subjects at baseline was 4691. Among the 4691 participants, there were
378 previous T2DM patients, 389 newly detected T2DM patients and 3924 participants without diabetes. A total of 2009
residents without diabetes completed the follow-up, and the average follow-up time was 2.520±1.184 years (Figure 1).
During this period, a total of 63 diabetes cases were identified, with an incidence density of 3.71 person-years.

The sociodemographic characteristics of the participants are shown in Table 1. New-onset T2DM patients were older
and had a higher BMI than participants without diabetes at baseline. Moreover, males, with a family history of diabetes
had a higher incidence of diabetes. There were also differences in the incidence of diabetes among people with different
marital statuses. Occupation, education level, current residence years, smoking status, passive smoking, drinking status,
sedentary lifestyle, physical activity level and daily sleep time were not found to be statistically significant between the
two groups.

The clinical characteristics of the participants are shown in Table 2. New-onset T2DM patients had higher GLU,
HbA1c, SBP, DBP, BMI and TG levels than participants without diabetes at baseline, whereas HDL levels were lower.
LDL and TC levels were not found to be statistically significant between the two groups.

Dietary Intake of Participants
In the present study, the food intake per day for each food item is shown in Table 3. Due to the fact that the data of
dietary intake did not follow a normal distribution, we expressed the data as the median (P25-P75), and the corresponding
analysis between the two groups was performed with the Mann-Whitney U-test. The intake levels of refined grains, red
meat and eggs in new-onset T2DM patients were higher than those in participants without diabetes. There was no
significant difference in the intake levels of vegetables, milk and dairy products, legumes and soy products between the
two groups (Table 3, Figure 2).
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Effect of Cumulative Lipid Parameter Burden on the Incidence of T2DM
We analyzed the effect of cumulative lipid parameter burden on the incidence of T2DM during the follow-up period.
Figures 3 and 4 show the correlation between the quartile changes in cumulative TG, cumulative LDL, cumulative HDL
and cumulative TC burden and the risk of T2DM in the cohort. A higher cumulative TG load corresponded to a higher
risk of T2DM onset (Ptrend=0.021). After adjusting for covariates, the highest quartile cumulative TG burden had a 2.235
times higher risk of T2DM than that in the lowest quartile (HR=3.462, 95% CI: 1.297–9.243). Additionally, a higher
cumulative HDL load corresponded to a lower risk of T2DM onset (Ptrend =0.006). After adjusting for covariates, the risk
of T2DM was 0.314-fold lower in the highest quartile of cumulative HDL burden than in the lowest quartile (HR=0.314,
95% CI: 0.1310–0.753). However, cumulative LDL and cumulative TC burden were not found to be associated with the
incidence of T2DM in our study.

Sensitivity Analysis
The results of the sensitivity analysis are presented in Figure 5. After removing data with missing values, we observed
that TG significantly increased the risk of T2DM incidence, whereas HDL was observed to decrease the risk. This finding
demonstrates that our results were robust.

Figure 1 Flowchart of participants who were included in the study. A total of 4869 participants were recruited at baseline, of whom 178 had incomplete dietary data, 378
had a family history of T2DM and 389 were newly defined as having T2DM. A total of 1915 patients were lost during follow-up or had incomplete data. After excluding the
abovementioned participants, a total of 2009 subjects were included in the study.
Abbreviation: T2DM, type 2 diabetes.
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Table 1 Sociodemographic Factors of Baseline Participants

Variable Total Without-T2DM New-Onset T2DM P

Age, year 51.976 ± 7.502 51.912 ± 7.526 53.968 ± 6.481 0.016
Gender

Male 692 (34.44) 663 (34.07) 29 (46.03) 0.049
Female 1317 (65.56) 1283 (65.93) 34 (53.97)

Marital status

Married 1950 (97.06) 1892 (97.23) 58 (92.06) 0.045*
Single 6 (0.30) 5 (0.26) 1 (1.59)
Divorced 8 (0.40) 8 (0.40) 0 (0.00)

Widowed 45 (2.24) 41 (2.11) 4 (6.35)
Occupation

Worker 333 (16.58) 324 (16.65) 9 (14.29) 0.161

Farmer 732 (36.44) 711 (36.54) 21 (33.34)
Cadre 125 (6.22) 118 (6.06) 7 (11.11)

Retired 268 (13.34) 255 (13.10) 13 (20.63)

Other 551 (27.42) 538 (27.65) 13 (20.63)
Education level

Primary education or below 632 (31.46) 617 (31.71) 15 (23.81) 0.088

Junior middle school 736 (36.64) 716 (36.79) 20 (31.75)
High school 484 (24.09) 463 (23.79) 21 (33.33)

Junior college 91 (4.52) 85 (4.37) 6 (9.52)

University/college and above 66 (3.29) 65 (3.34) 1 (1.59)
Current residence years

no more than 5 years 102 (5.08) 100 (5.14) 2 (3.17) 0.698*

5–10 years 143 (7.12) 140 (7.19) 3 (4.76)
10–20 years 241 (12.00) 231 (11.87) 10 (15.88)

20 years or above 1523 (75.80) 1475 (75.80) 48 (76.19)

Diabetes family history
Yes 201 (10.00) 187 (9.61) 14 (22.22) 0.004
No 1808 (90.00) 1759 (90.39) 49 (77.78)

Smoking status
Current 314 (15.63) 300 (15.42) 14 (22.23) 0.342

Never 1628 (81.04) 1581 (81.24) 47 (74.60)

Former 67 (3.33) 65 (3.34) 2 (3.17)
Passive smoking

Yes 881 (43.85) 850 (43.68) 31 (49.21) 0.384

No 1128 (56.15) 1096 (56.32) 32 (50.79)
Drinking status

Current 813 (40.47) 785 (40.34) 28 (44.44) 0.798

Never 1156 (57.54) 1122 (57.66) 34 (53.97)
Former 40 (1.99) 39 (2.00) 1 (1.59)

Sedentary lifestyle

Yes 625 (31.11) 608 (31.24) 17 (26.98) 0.472
No 1384 (68.89) 1338 (68.76) 46 (73.02)

Physical activity level, per week

Less than 1 time 674 (33.55) 657 (33.76) 17 (26.98) 0.422
1–2 times 323 (16.08) 310 (15.93) 13 (20.64)

≥3 times 1012 (50.37) 979 (50.31) 33 (52.38)

Daily sleep time
Less than 6 hours 540 (26.88) 526 (27.03) 14 (22.22) 0.667

6–8 hours 1175 (58.49) 1135 (58.32) 40 (63.49)

8 hours and above 294 (14.63) 285 (14.65) 9 (14.29)
BMI, kg/m2 23.995 ± 3.260 23.950 ± 3.246 25.377 ± 3.418 0.016

Notes: Bold: P<0.05. *Did not meet the premise of the chi-square test; Fisher’s exact test was used.
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Mediating Analysis of Dietary, Cumulative Lipid Parameter Burden and T2DM
The results of the regression analysis between diet and cumulative lipid parameter burden are shown in Table 4. The
regression coefficient and confidence intervals of red meat on cumulative TG and cumulative TC burden were greater
than 0, indicating that red meat was positively correlated with cumulative TG and cumulative TC burden.

When combined with the results of Tables 3 and 4, Figure 4, we speculate that the high risk of T2DM caused by red
meat may be mediated by cumulative TG. Therefore, we further explored whether cumulative TG burden plays a certain
role in the pathogenesis of red meat affecting T2DM. The mediation analysis of red meat, cumulative TG burden and
T2DM showed that the 95% CIs for the direct effect, intermediate effect and total effect did not include 0, thus
suggesting that cumulative TG burden plays a partial mediating role in the pathogenesis of T2DM caused by red
meat, which indicates that the intake of red meat is partly due to the change in cumulative TG burden leading to the
occurrence of T2DM (Table 5).

Discussion
The cumulative lipid parameter burden includes four indices: TC, TG, LDL and HDL. Our study observed several
findings. 1) There is a correlation between the cumulative burden of TG and HDL and the onset of T2DM. Compared
with those with a lower cumulative burden of TG, a higher cumulative burden of TG corresponded to a higher likelihood
of developing T2DM. Compared with those with a lower cumulative burden of HDL, a higher cumulative burden of
HDL corresponded to a lower risk of T2DM. However, cumulative LDL and cumulative TC burden were not found to be
associated with the incidence of T2DM. 2) The intake of red meat was positively correlated with the cumulative TG
burden and the incidence of T2DM. Cumulative TG burden partially mediated the association between red meat and
T2DM. No association was found between cumulative HDL burden and diet.

Many studies have shown that there are differences in TG and HDL at baseline between T2DM patients and non-
T2DM residents (including Tables 1 and 2 of our study).22,23 However, the lipid level at a single time point may not fully

Table 2 Laboratory Parameters of Baseline Participants

Variable Total Without-T2DM New-Onset T2DM P

GLU, mmol/L 4.935 ± 0.566 4.916 ± 0.549 5.534 ± 0.757 <0.001
HbA1c, % 5.106 ± 0.719 5.090 ± 0.719 5.597 ± 0.551 <0.001
LDL, mmol/L 2.804 ± 0.812 2.800 ± 0.812 2.944 ± 0.815 0.165

HDL, mmol/L 1.578 ± 0.350 1.582 ± 0.348 1.443 ± 0.386 0.002
TC, mmol/L 5.210 ± 1.041 5.206 ± 1.043 5.357 ± 0.962 0.257

SBP, mmHg 124.738 ± 18.071 124.541 ± 18.024 130.825 ± 18.586 0.007
DBP, mmHg 81.308 ± 11.924 81.179 ± 11.762 85.286 ± 15.77 0.045
TG, mmol/L 1.330 (0.970–2.000) 1.300 (0.948–1.960) 1.840 (1.300–2.470) <0.001

Note: Bold: P<0.05.

Table 3 Dietary Intake of Participants/Day (g)

Food Group Total Without-T2DM New-Onset T2DM P

Refined grains 300.000 (225.000–450.000) 300.000 (225.000–450.000) 300.000 (255.000–450.000) 0.034
Red meat 50.000 (25.000–100.000) 50.000 (25.000–100.000) 100.000 (50.000–150.000) 0.008
Eggs 19.726 (6.575–50.000) 19.726 (6.575–50.000) 26.301 (13.151–50.000) 0.006
Aquatic Products 13.151 (6.575–26.301) 13.151 (6.575–26.301) 16.438 (6.575–26.301) 0.725
Vegetables 300.000 (200.000–450.000) 300.000 (200.000–450.000) 300.000 (200.000–400.000) 0.297

Milk and dairy products 3.945 (0.000–39.452) 4.110 (0.000–39.452) 0.000 (0.000–20.548) 0.114

Legumes and soy products 14.795 (6.575–39.452) 14.795 (6.575–39.452) 19.726 (6.575–39.452) 0.691

Note: Bold: P<0.05.
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reflect the effect of blood lipids on T2DM. The cumulative burden that is calculated according to the long-term dynamic
changes in blood lipids can better reflect the effects of blood lipids and is more convincing for exploring the relationship
between blood lipids and diabetes. Therefore, in our study, we chose the 4-year cumulative lipid parameter burden to
explore the association between lipid exposure and the onset of T2DM.

A large amount of research evidence shows that the interaction between dyslipidemia and diabetes is more complex.
Dyslipidemia (mainly represented by high TG and low HDL) is not only a consequence of T2DM but is also a cause of
glucose metabolism.24,25 During the cohort follow-up time period, we found that patients with new-onset T2DM had
a higher cumulative TG burden and lower cumulative HDL burden than healthy participants (as shown in Table 4 and
Figure 3). Due to the fact that changes in blood lipids reflect an immediate/rapid response to a changed environment, the
cumulative lipid burden reflects cumulative long-term changes, and our results suggested that the blood lipid levels
changed before the occurrence of T2DM. In the study by Bizzotto R et al,26 they found that the progression rates of TG
and HDL were correlated with the progression of HbA1c, which may be due to the accumulation of excessive lipids
through visceral fat, thus resulting in insulin resistance or excessive glucose production and subsequently resulting in the
deterioration of HbA1c. This suggests that visceral fat may be involved in the progression of diabetes. Based on the
abovementioned results and discussion, it is believed that the cumulative burden of lipids may act as a signal of diabetes.

The pathogenesis of T2DM caused by TG is not fully understood, but the increase in TG can lead to an increase in the
level of free fatty acids. Excessive free fatty acids can disrupt or regulate the cascade of insulin receptors and glucose
transporters, thus resulting in β-cell dysfunction and insulin resistance.27–31 Moreover, free fatty acids can damage the
normal function of β-cells through inflammatory reactions, thus resulting in glucose metabolism disorders.24 HDL is
a protective lipoprotein cholesterol. Recent studies have shown that HDL can not only prevent atherosclerotic vascular
diseases but can also exert antidiabetic effects.30 The effects of HDL include anti-inflammation, antioxidation and
antithrombosis.31–33 In addition, HDL may affect blood glucose homeostasis by promoting insulin secretion, enhancing

Figure 2 Z score radar plot of daily food intake between new-onset T2DM patients and participants without diabetes. The radar plot reflected the Z scores of the intake of
7 food groups between new-onset T2DM and participants without diabetes. The dots represent the Z score value for each food group in the new-onset T2DM (Orange
dots) and without diabetes groups (green dots). Patients with new-onset T2DM had a higher intake of refined grains, red meat and eggs.
Abbreviation: T2DM, type 2 diabetes.
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insulin sensitivity and enhancing the muscle uptake of glucose.30 HDL contain hundreds of lipid species and proteins and
exert many potentially antidiabetogenic activities on cells.34,35 Furthermore, hyperglycemia could be decreased or even
reverted in several animal models by the transgenic overexpression or exogenous application of Apo lipoprotein
A-I (apoA-I), which is the most abundant protein of HDL. Low plasma levels of HDL cholesterol are associated with
increased risks of diabetes mellitus type 2 (T2DM).34,35 This result is consistent with the results of this research. When
the concentration of TG increases, the lipoprotein rich in TG will increase the catabolism of HDL and lead to low
HDL,36,37 thus affecting glucose metabolism and promoting the progression of T2DM.30

Our study found that red meat intake is associated with the onset of T2DM. The results of current studies on the
association between red meat intake and diabetes are not consistent. Some cohort studies have found that eating large
amounts of unprocessed and processed red meat increased the risk of type 2 diabetes.38–40 Conversely, the results of other
random intervention trials have shown inconsistent evidence.41 However, recent studies have found that replacing red
meat with other nonmeat protein foods can reduce the risk of T2DM,42,43 which subsequently demonstrates the role of
red meat in T2DM. In the present study, we found that the median refined grain intake was the same between the two
groups, but the average refined grain intake of T2DM patients was 346.27 g, which was higher than that of participants
without diabetes (318.66 g). As the intake of refined grains in T2DM patients above the median intake was higher, the
nonparametric test results suggested that there is a significant difference. However, due to the fact that the intake of
various foods in Table 3 is expressed by the median (P25, P75), the gap between the two groups is not intuitive.

Our study also found that TG plays a partial mediating role in the increased risk of diabetes associated with red meat.
Many studies have confirmed a positive association between red meat consumption and higher serum TG levels.44,45 Red
meat is rich in saturated fatty acids and cholesterol. High-fat products and meat can enhance oxidative stress and
inflammation, which can lead to excess lipoproteins in the liver and intestines, thus causing hypertriglyceridemia.46,47 In
addition, some ingredients in red meat can also increase the risk of diabetes by directly triggering insulin resistance

Figure 3 Incidence of T2DM with different quartile changes in cumulative lipid parameter burden. The four-line graph representing the incidence of T2DM with different
quartile changes in cumulative TG (A), LDL (B), HDL (C) and TC (D) burden.
Abbreviations: TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol.
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through inflammation.38,48,49 No association between red meat and HDL was found in our study. Based on the possible
mechanism of decreased HDL, we speculated that the decrease in HDL levels in T2DM patients in this cohort may be
mainly affected by the increase in TG.

Our study had some advantages. 1) Longitudinal studies can be used to determine causal correlations. The members
of the cohort were relatively stable 2) With a fixed follow-up time, the fluctuation of seasonal factors to the results can be
reduced. 3) We investigated the effect of long-term lipid changes on diabetes mellitus from the perspective of cumulative
burden. 4) We associated our data to the possible dietary sources and used the method of mediation analysis to explore
the role of lipid parameters in the effect of dietary intake on the incidence of diabetes, which can provide a reference for

Figure 4 HRs (95% CI) and P values for T2DM and ascending quartiles of cumulative lipid parameter burden. Model I: unadjusted. Model II: adjusted for age, sex, marital
status and family history of diabetes. Model III: adjusted for age, sex, marital status, family history of diabetes, cumulative SBP burden, cumulative DBP burden and cumulative
BMI burden. Model IV: adjusted for age, sex, marital status, family history of diabetes, cumulative SBP burden, cumulative DBP burden, cumulative BMI burden, refined grains
and red meat and egg intake.
Abbreviations: TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood
pressure.
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Figure 5 Sensitivity analysis for T2DM and cumulative lipid parameter burden. Model I: unadjusted. Model II: adjusted for age, sex, marital status and family history of
diabetes. Model III: adjusted for age, sex, marital status, family history of diabetes, cumulative SBP burden, cumulative DBP burden and cumulative BMI burden. Model IV:
adjusted for age, sex, marital status, family history of diabetes, cumulative SBP burden, cumulative DBP burden, cumulative BMI burden, refined grains and red meat and egg
intake.
Abbreviations: TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood
pressure.
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dietary interventions for reducing the risk of diabetes. As the research subjects originate from less economically
developed regions, health awareness is not enough. With the results of this study, we can conduct interventions from
behaviors or establish indicators that subjects can change (such as diet and blood lipids), thereby improving the level of
health and quality of life.

There were still some limitations in our study. First, due to the fact that our study did not assess dietary intake on
a yearly basis, this can potentially lead to some bias in the results. In a follow-up study, we will assess dietary intake on
a yearly basis and discuss the function of food more comprehensively. Nevertheless, in our study, we chose experienced
investigators to conduct dietary surveys to avoid possible bias as much as possible. Second, our study used a single and
small-sized cohort. In the next stage, we will expand the number of participants and use multiple cohorts to verify the
results. Third, the follow-up time was short. However, at present, the tracking results have revealed some clues related to
T2DM, and we will continue to track the outcomes and explore potential risk factors in the future. Fourth, the
pathogenesis of lipid parameters and T2DM remains to be explored. In a future study, we will seek to identify the
epigenetic mechanism at the population and animal levels and conduct dietary interventions in the cohort to reduce the
incidence of diabetes and to evaluate the effect of the interventions.

In conclusion, the increase in cumulative TG burden and decrease in cumulative HDL burden are related to the
incidence of diabetes. In addition, cumulative TG burden was shown to play a partial mediating role in the pathogenesis
of red meat and diabetes. Our results may provide evidence for reducing red meat intake and controlling lipid levels to
prevent type 2 diabetes.

Table 4 The Relationship Between Food Related to the Onset of T2DM and Cumulative Lipid Parameter Burden β
(95% CI for β) ×10−3

TG Burden LDL Burden HDL Burden TC Burden

Red meat

Model Ia 0.411 (0.230, 0.593) 0.066 (−0.043, 0.175) −0.054 (−0.103, −0.005) 0.145 (0.009, 0.281)
Model IIb 0.356 (0.171, 0.541) 0.104 (−0.006, 0.215) −0.006 (−0.055, 0.043) 0.233 (0.096, 0.371)
Model IIIc 0.353 (0.174, 0.532) 0.103 (−0.007, 0.213) −0.004 (−0.051, 0.043) 0.235 (0.098, 0.371)
Model IVd 0.343 (0.163, 0.523) 0.108 (−0.002, 0.219) −0.007 (−0.054, 0.041) 0.238 (0.101, 0.376)
Egg
Model I −1.385 (−7.614, 4.844) −0.241 (−3.962, 3.481) 0.612 (−1.063, 2.286) 0.436 (−4.214, 5.085)
Model II −1.555 (−7.737, 4.626) 0.094 (−3.582, 3.771) 0.790 (−0.844, 2.423) 1.019 (−3.558, 5.597)
Model III 0.984 (−5.017, 6.984) 0.718 (−2.950, 4.386) 0.161 (−1.414, 1.736) 1.888 (−2.686, 6.461)
Model IV 0.317 (−5.692, 6.326) 0.295 (−3.389, 3.978) 0.232 (−1.351, 1.815) 1.130 (−3.455, 5.714)
Grain
Model I 1.813 (0.796, 2.831) −0.240 (−0.850, 0.369) −0.357 (−0.630, −0.083) −0.454 (−1.215, 0.308)
Model II 1.115 (0.055, 2.174) −0.306 (−0.937, 0.325) 0.062 (−0.219, 0.342) −0.259 (−1.045, 0.526)
Model III 0.795 (−0.232, 1.821) −0.393 (−1.020, 0.235) 0.155 (−0.115, 0.425) −0.344 (−1.127, 0.439)
Model IV 0.640 (−0.389, 1.669) −0.440 (−1.070, 0.191) 0.160 (−0.111, 0.432) −0.443 (−1.228, 0.342)

Notes: aUnadjusted. bAdjusted for age, sex, marital status and family history of diabetes. cAdjusted for age, sex, marital status, family history of
diabetes, cumulative SBP burden, cumulative DBP burden and cumulative BMI burden. dAdjusted for age, sex, marital status, family history of diabetes,
cumulative SBP burden, cumulative DBP burden, cumulative BMI burden and all other foods related to T2DM. Bold: statistical significance.

Table 5 Mediating Analysis of Dietary and Cumulative Lipid
Parameter Burden and T2DM

Estimate Standard Error 95% CI

Direct effect −0.0565 0.0253 (−0.1060, −0.0069)
Indirect effect −0.0082 0.0034 (−0.0148, −0.0015)
Total effect −0.0646 0.0256 (−0.1148, −0.0144)

Note: Bold: statistical significance.
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