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ABSTRACT
Objective Traditionally, the absence of insulin resistance 
risk factors (IRRFs) was considered a low risk for insulin 
resistance (IR). However, IR also existed in certain 
individuals without IRRFs; thus this study aims to explore 
predictors of IR targeted at the population without IRRFs.
Design Cross-sectional survey.
Setting National Health and Nutrition Examination Survey.
Participants Participants without regular IRRFs (IRRF-
Free, n=2478) and a subgroup without optimal IRRFs 
(IRRF-Optimal, n=1414) were involved in this study.
Primary and secondary outcome measure IRRFs and 
the optimal cut-off value of triglyceride (TG) to predict IR.
Results Overall, the prevalence of IR was 6.9% and 
5.7% in the IRRF-Free group and the IRRF-Optimal 
group, respectively. TG and waist circumference were 
independently associated with the prevalence of IR in both 
the groups (OR=1.010 to 10.20; p<0.05 for all), where 
TG was positively associated with IR. The area under the 
receiver operating characteristic curve of TG was 0.7016 
(95% CI: 0.7013 to 0.7018) and 0.7219 (95% CI: 0.7215 
to 0.7222), and the optimal cut-off value of TG to predict 
IR was 79.5 mg/dL and 81.5 mg/dL in the IRRF-Free group 
and the IRRF-Optimal group, respectively.
Conclusion There is an association between TG and IR 
even in the normal range of TG concentration. Therefore, 
normal TG could be used as an important indicator to 
predict the prevalence of IR in the absence of IRRFs.

BACkgROunD
Insulin resistance (IR) is a metabolic status 
in which insulin-dependent tissues become 
insensitive to insulin while the body does not 
respond to the glucose load and results in 
metabolic imbalance of carbohydrate, lipid 
and protein.1–3 It is indicated that systemic 
toxicity, such as endothelial dysfunction, 
increase in inflammation stress, pro-throm-
bogenesis and pro-oxidation,4 5 could be 

caused by IR, which leads to the development 
of diabetes mellitus,6 cardiovascular diseases7 
and cancer.8

A 3.2-year prospective study found out 
that the incidence of diabetes was much 
higher in aged people with IR (12.22%) than 
those without IR (3.6%).9 Another 13-year 
follow-up study in patients with hypertension 
showed that the total number of cardiovas-
cular diseases and events were significantly 
higher among patients with IR as compared 
with patients who are sensitive to insulin.10 
In addition, a 15-year cohort study demon-
strated that the overall mortality of patients 
with cancer with IR is as much greater 
(14.3%) than in those without IR (8.7%).11 
Thus, IR is considered as a potent as well as 
strong predictor of diabetes, cardiovascular 
diseases and cancer.9 12 13

As the number of studies on IR is 
burgeoning, various IR risk factors (IRRFs), 

Strengths and limitations of this study

 ► Strengths of this study included the quality and scale 
of the National Health and Nutrition Examination 
Survey database and the rigour of its measures. 
Moreover, there has been scarce information in the 
articles exploring insulin resistance (IR) risk factors 
in relatively healthy individuals.

 ► Limitations of this study included that we can only 
determine the association between triglyceride and 
IR in cross-sectional studies, and not the causality.

 ► In this study, we used the homeostasis model as-
sessment of IR as an alternative to diagnose IR, with 
some limitations related to its poor reproducibility 
and reliability.
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Figure 1 Study design and participant flow diagram for the present study. IRRF, insulin resistance risk factor; NHANES, 
National Health and Nutrition Examination Survey.

such as smoking,14 obesity,15 dyslipidaemia and hyperten-
sion,16 have been recognised and are generally agreed 
on as common IRRFs. A cohort survey on healthy chil-
dren from eight European countries revealed that the 
incidence of IR was 10.9% within the follow-up 2 years,17 
which implied that people might still develop IR even in 
the absence of IRRFs. However, these individuals, who 
were without IRRFs, tend to be ignored and do not serve 
as a focus group for disease prevention.

The study of the effects of blood lipids on IR is more 
pronounced in studies on IRRFs18 and has shown that 
IR is mostly associated with elevation of blood lipids, 
especially triglyceride (TG),19 Typically, the incidence 
of IR will be of concern when the level of TG elevates 
abnormally. However, individuals will still develop IR in 
the normal range of blood lipids, which has not received 
sufficient attention. In this study, we explored potential 
predictors of IR in the population with the absence of 
IRRFs based on the data from the 2007–2014 National 
Health and Nutrition Examination Survey (NHANES). 
Our study showed that TG was a good predictor of IR 
even in the absence of IRRFs. The optimal cut-off value 
of TG to predict IR was 79.5 mg/dL and 81.5 mg/dL in 
the IRRF-Free group and the IRRF-Optimal group, which 
was lower than the normal value, respectively. It suggested 
that early TG monitoring has implications to prevent IR 
and to decrease the onset of IR related to chronic diseases.

MeThODS
Study design and study population
Data were derived from a cross-sectional study of the 
NHANES conducted by the National Centre for Health 
Statistics (NCHS) of the Centres for Disease Control 
and Prevention (http://www. cdc. gov/ nchs/ nhanes/). 
NHANES was based on a complex, layered, multistage 
probability design, which obtained the national repre-
sentative sample of non-institutionalised residents in 
the USA.20 In this study, a total of 40 617 subjects were 
enrolled in 2007–2014 NHANES. First, 31 404 subjects 
were excluded because they lacked demographic char-
acteristics and laboratory examination information. 
Furthermore, 6735 subjects were excluded due to 
diabetes (1609 subjects), smoking (1630 subjects), hyper-
tension (867 subjects), dyslipidaemia (1771 subjects) and 
obesity (858 subjects). Finally, 2478 subjects (≥20 years of 
age) were enrolled in the IRRF-Free group. Within the 
IRRF-Free group, we also defined a subgroup as without 
optimal IRRFs (IRRF-Optimal). In all, 1064 subjects were 
excluded due to stricter blood pressure (BP; n=397) and 
blood lipids (n=667). Subsequently, 1414 subjects were 
involved in the IRRF-Optimal group (figure 1).

Data collection and measurement
All information was collected by investigators who had 
been uniformly trained. The data included demographics 
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(eg, sex, age, race/ethnicity, etc), health-related 
behaviour (eg, smoking), anthropometric measure-
ments (eg, height, weight, etc) and biochemical tests 
(total cholesterol (TC), TG, etc). BP was measured 
using a mercury sphygmomanometer, and subjects were 
required to have rested for at least 5 min before testing 
their BP.21 The average of three measurements, the 
average of two measurements and the unique reading 
of one value was used for the data analysis.22 The partici-
pants’ height, weight and waist circumference (WC) were 
measured according to standardised protocols and tech-
niques.23 Body mass index (BMI) was calculated using the 
following formula: BMI=weight (kg)/height (m2).24 BMI 
cut-off points of categories were determined according 
to WHO criteria for underweight (≤18.5 kg/m2), normal 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and 
obese (≥30.0 kg/m2).25 Non-obese was defined as BMI 
<30.0 kg/m2.

Assessment criteria
Smoking
Smoking status was categorised into current smoker (who 
had smoked at least one cigarette per day in the past 30 
days), former smoker (who had smoked at least 100 ciga-
rettes in one’s lifetime but who at the time of the survey 
did not smoke at all), and never-smoker (who had never 
smoked cigarettes or had smoked less than 100 cigarettes 
in one’s lifetime).26 27 Former smokers and never-smokers 
were collectively defined as non-smokers since there were 
few never-smokers in this study.

hypertension
Hypertension was defined as resting systolic BP (SBP) 
and/or diastolic BP (DBP) ≥140/90 mm Hg following the 
Seventh Report of Joint National Committee standard.28 
Another relatively strict criterion was based on the 2017 
American College of Cardiology/American Heart Associ-
ation Blood Pressure Guide.29 It was recommended that 
BP <130/80 mm Hg was considered normal.

Dyslipidemia
In this study, dyslipidaemia was defined as follows: TC 
>240 mg/dL, TG >200 mg/dL, low-density lipoprotein 
cholesterol (LDL-C) >160 mg/dL or male high-density 
lipoprotein cholesterol (HDL-C) <40 mg/dL, female 
HDL-C <50 mg/dL.30 A more stringent criterion was 
defined in the guidelines provided in the third report of 
the National Cholesterol Education Programme Adult 
Treatment Group III (NCEP ATP III)31: TC >200 mg/
dL, TG >150 mg/dL, LDL-C >130 mg/L, male HDL-C 
<40 mg/dL, female HDL-C <50 mg/dL.

Diabetes mellitus
NHANES defined type 2 diabetes through question-
naires, fasting plasma glucose (FPG) and glycosylated 
haemoglobin (HbA1c) levels.32 Diabetes was diagnosed 
according to self-reported responses or currently using 
anti-diabetic drugs or insulin. Undiagnosed diabetes 
was defined according to the 2015 American Diabetes 
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Table 2 Multivariate analysis for the prevalence of IR in IRRF-Free among US adult, 2007–2014* N=2478

Variable P OR

95% CI

Lower Upper

Intercept <0.001 6.719E-6 1.369E-7 0.000

Race 0.041

Mexican American 0.918 1.044 0.452 2.414

Other Hispanics 0.824 1.107 0.446 2.744

Non-Hispanic whites 0.410 0.699 0.295 1.656

Non-Hispanic black 0.270 1.689 0.657 4.390

Non-Hispanic multiracial – 1.000 – –

Educational level 0.038

Less than grade 9 education 0.776 1.158 0.414 3.242

Grade 9–11 education 0.050 2.346 1.000 5.508

High school graduate/GED or equivalent 0.021 2.209 1.134 4.302

Some college students or joint AA degrees 0.024 2.149 1.108 4.168

  Bachelor degree or above – 1.000 – –

WC (cm) <0.001 1.092 1.044 1.142

TG (mg/dL) <0.001 1.010 1.005 1.015

*Data are from the National Health and Nutrition Examination Surveys. All data except for sample size are weighted accounting for the 
complex study design according to the directions of the National Centre for Health Statistics.
IR, insulin resistance; IRRF, IR risk factor; TG, triglyceride; WC, waist circumference.

Table 3 Multivariate analysis for the prevalence of IR in 
IRRF-Optimal among US adult, 2007–2014* N=1414

Variable P OR

95% CI

Lower Upper

Intercept <0.001 3.792E-5 1.73E-7 0.0134

WC (cm) <0.001 1.098 1.040 1.160

TG (mg/dL) <0.001 1.020 1.008 1.031

*Data are from the National Health and Nutrition Examination 
Surveys. All data except for sample size are weighted accounting 
for the complex study design according to the directions of the 
National Centre for Health Statistics.
IR, insulin resistance; IRRF, IR risk factor; TG, triglyceride; WC, 
waist circumference.

Figure 2 Relation between TG and IR in IRRF-Free and 
IRRF-Optimal groups. IR, insulin resistance; IRRF, IR risk 
factor; TG, triglyceride.

Association standard33: FPG≥126 mg/dL or HbA1c≥6.5% 
(48 mmol/mL). IR was indexed by the homeostasis model 
assessment (HOMA) formula: [fasting insulin (μU/
mL)×fasting glucose (mmol/L)]/22.5.34 IR was defined 

by the values equal to or greater than the 75th percentile 
of the HOMA-IR.35 In this study, the value was 3.7, which 
represented the diagnostic value of IR in the non-diabetic 
population rather than a general sample.

Definition of IRRF-Free group and IRRF-Optimal group
The IRRF-Free group included people who met the 
following conditions: (1) untreated SBP <140 mm Hg 
and/or DBP <90 mm Hg; (2) untreated FPG <126 mg/
dL; (3) untreated TC ≤240 mg/dL, TG ≤200 mg/dL, 
LDL-C ≤160 mg/dL and male HDL-C ≥40 mg/dL, female 
HDL-C ≥50 mg/dL; (4) BMI <30 kg/m2; (5) no smoking 
and (6) non-diabetics. Within the IRRF-Free group, we 
also defined a subgroup of individuals with Optimal 
IRRFs (IRRF-Optimal): (1) SBP <130 mm Hg and/or 
DBP <80 mm Hg, (2) TC ≤200 mg/dL, TG ≤150 mg/dL, 
LDL-C ≤130 mg/dL.

Statistical analysis
To generate nationally representative estimates, all anal-
yses were accounted for the complex, stratified nature 
of NHANES to explain complex survey design, survey 
no-response and planned oversampling.36 We used the 
SURVEY procedure including the morning fasting subsa-
mple 2-year weights (WTSAF2YR), stratum (SDMVSTRA) 
and primary sampling unit (SDMVPSU) recommended 
by the National Institutes of Health (NCHS) for the 
NHANES analysis. The prevalence of IR was a weighted 
percentage of IR under complex sampling, which was 
equal to the number of IR divided by the total number of 
people. Complex sample package of IBM SPSS Statistics 
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Figure 3 Area under ROC curves of triglyceride to predict IR 
in IRRF-Free and IRRF-Optimal groups. IR, insulin resistance; 
IRRF, IR risk factor; ROC, receiver operating characteristic.

Table 4 The optimal cut-off of triglyceride to predict insulin resistance among US adult 2007–2014*

TG (mg/dL) Sensitivity (%) Specificity (%) Youden index AUC P

AUC (95% CI)

Lower Upper

IRRF-Free 79.5 0.782 0.543 0.325 0.7016 <0.001 0.7013 0.7018
IRRF-Optimal 81.5 0.706 0.687 0.393 0.7219 <0.001 0.7215 0.7222

*Data are from the National Health and Nutrition Examination Surveys. All data except for sample size are weighted accounting for the 
complex study design according to the directions of the National Centre for Health Statistics.
AUC, area under curve; CI, confidence interval.

V.24.0 (IBM Corp, Armonk, NY, USA) was used to perform 
statistical analyses. Continuous variables were presented 
as means and 95% CIs using complex sample descrip-
tions. Categorical variables were presented as counts and 
weighted percentages using complex sample frequencies. 
A complex sample univariate logistic regression analysis 
was used to assess differences in baseline characteristics 
between participants with and without IR. Univariate 
logistic regression analysis of statistically significant differ-
ences included in complex samples multivariate logistic 
regression analysis to analyse the association for multiple 
covariates with the presence of IR in the IRRF-Free group 
and the IRRF-Optimal group. To estimate optimal cut-off 
values, TG was used as the test variable, excluding other 
control variables, and IR was used as a state variable. The 
optimal cut-off value of TG to predict IR was determined 
by the highest score of the Jordan index of the receiver 
operating characteristic (ROC) curve. Statistical signifi-
cance was set at a p value<0.05.

Consent to participate
All participants provided a written informed consent, and 
the study was approved by the NCHS Research Ethics 
Review Board (https:// wwwn. cdc. gov/ nchs/ nhanes/ 
default. aspx).37

Patient and public involvement
Patients and the general public were not involved in 
the development of the research question or outcome 
measure, study design or recruitment and conduct of 

this study. There are no plans for the study results to be 
disseminated directly to participants.

ReSulTS
Characterisation of the IRRF-Free and IRRF-Optimal study 
population
Table 1 shows the basic characteristics of the participants. 
Overall, data from 2478 subjects (1143 men and 1335 
women) in the IRRF-Free group and 1441 subjects (622 
men and 792 women) in the IRRF-Optimal groups were 
assessed. The prevalence of IR was 6.9% and 5.7% in both 
the groups, respectively. The anthropometric, clinical 
and biochemical characteristics of the participants are 
summarised in table 1. Patients with IR had higher levels 
of TG, TC, LDL-C, FPG and insulin than those without IR 
in the two groups.

Predictors of IR presence
Univariate logistic regression analysis
Regarding the risk factors of IR, our outcomes, which 
were based on univariate logistic regression analysis, 
are presented in online supplementary table 1. In 
the IRRF-Free group, the result of univariate logistic 
regression demonstrated that age (p=0.038; OR=1.013, 
95% CI=1.001 to 1.025), male (p<0.001; OR=2.229, 
95% CI=1.376 to 3.612), non-Hispanic black (p=0.039; 
OR=1.384, 95% CI=0.648 to 2.956), grade 9–11 educa-
tion (p<0.001; OR=3.465, 95% CI=1.655 to 7.212), 
BMI (p<0.001; OR=1.344, 95% CI=1.244 to 1.452), 
WC (p<0.001; OR=1.102, 95% CI=1.078 to 1.126), TG 
(p<0.001; OR=1.017, 95% CI=1.013 to 1.021), HDL-C 
(p<0.001; OR=0.946, 95% CI=0.923 to 0.969) and SBP 
(p<0.001; OR=1.035, 95% CI=1.018 to 1.051) were asso-
ciated with IR. In the IRRF-Optimal group, the result 
of univariate logistic regression demonstrated that male 
(p=0.004; OR=2.322, 95% CI=1.202 to 4.485), non-His-
panic black (p=0.011; OR=2.964, 95% CI=1.293 to 6.792), 
grade 9–11 education (p<0.001; OR=5.134, 95% CI=1.971 
to 13.369), BMI (p<0.001; OR=1.322, 95% CI=1.174 to 
1.487), WC (p<0.001; OR=1.108, 95% CI=1.070 to 1.148), 
TG (p<0.001; OR=1.027, 95% CI=1.015 to 1.040), HDL-C 
(p=0.002; OR=0.933, 95% CI=0.892 to 0.976) and SBP 
(p=0.005; OR=1.035, 95% CI=1.001 to 1.061) were asso-
ciated with IR.
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Table 5 Prevalence of IR and AR% in IRRF-Free and IRRF-Optimal groups among US adult, 2007–2014*

TG (mg/dL)

IRRF-Free (N=2478)

TG (mg/dL)

IRRF-Optimal (N=1414)

IR (n) Prevalence of IR (%) AR% IR (n) Prevalence of IR (%) AR%

<79.5 55 2.9 – <81.5 34 2.5 –

79.5–200 145 11.2 74 81.5–150 55 12 79

Total 200 6.9 – Total 89 5.7 –

*Data are from the National Health and Nutrition Examination Surveys. All data except for sample size are weighted accounting for the 
complex study design according to the directions of the National Centre for Health Statistics.
AR%, attributable risk per cent; IR, insulin resistance; IRRF, insulin resistance risk factor; TG, triglyceride.

Multivariate logistic regression analysis
The results of multivariate logistic regression analysis 
results are shown in tables 2 and 3. In the IRRF-Free 
group, the results indicated that the significant predic-
tors of IR developing were non-Hispanic black (p=0.041; 
OR=1.689, 95% CI=0.657 to 4.390), Grade 9–11 educa-
tion (p=0.038; OR=2.436, 95% CI=1.000 to 5.508), WC 
(p<0.001; OR=1.092, 95% CI=1.044 to 1.142) and TG 
(p<0.001; OR=1.010, 95% CI=1.005 to 1.015). In the 
IRRF-Optimal group, WC (p<0.001; OR=1.098, 95% 
CI=1.040 to 1.160) and TG (p<0.001; OR=1.020, 95% 
CI=1.008 to 1.031) were associated with IR

normal Tg was independently associated with IR
The relationship between TG and IR in the absence of 
dyslipidaemia, hypertension, diabetes and smoking is 
illustrated in figure 2. As TG levels increased, there was 
an increase in the prevalence of IR. In the IRRF-Free 
group, the prevalence of IR increased from 2.1% in the 
40–60 mg/dL category to 19.7% in the 180–200 mg/
dL category. In the IRRF-Optimal group, IR prevalence 
increased from 2.7% in the 30–50 mg/dL category to 
15.4% in the 130–150 mg/dL category.

ROC curve of Tg to predict IR
Figure 3 shows the ROC curves of TG to predict IR in the 
IRRF-Free group and the IRRF-Optimal group. The area 
under the curve (AUC) of TG was 0.7016 (95% CI=0.7013 
to 0.7018) and 0.7219 (95% CI=0.7215 to 0.7222), respec-
tively. The optimal cut-off value of TG to predict IR was 
79.5 mg/dL and 81.5 mg/dL, respectively (table 4). 
Table 5 shows the prevalence of IR and attributable risk 
per cent (AR%). When TG ranged in 79.5–200 mg/dL, 
the prevalence of IR was 11.2% and, 75.0% of IR was 
attributed to this TG range in the IRRF-Free group. When 
TG ranged in 81.5–150 mg/dL, the prevalence of IR was 
12.0% and, 79.0% of IR was attributed to this TG range in 
the IRRF-Optimal group.

DISCuSSIOn
In this study, the prevalence of IR in the IRRF-Free group 
and the IRRF-Optimal group were 6.9% and 5.7%, respec-
tively. Moreover, TG was independently associated with IR, 
the optimal cut-off value of TG to predict IR for the two 
groups were 79.5 mg/dL and 81.5 mg/dL, respectively. In 

the IRRF-Free group, when TG ranged in 79.5–200 mg/
dL, the prevalence of IR was 11.2% and the number of 
IR was accounted for 72.5% of the total number of IR, 
while 75.0% of IR was attributed to the TG level. In the 
IRRF-Optimal group, when TG ranged in 81.5–150 mg/
dL, the prevalence of IR was 12.0% and the number of IR 
was accounted for 61.8% of the total number of IR, while 
79.0% of IR was attributed to TG ranged in 81.5–150 mg/
dL. Thus, TG was an effective marker for the prediction 
of IR for the population with absence of IRRFs.

The prevalence of IR was 47.0% in an NHANES study 
of the population with obesity deficiency,38 which was 
far beyond our findings. This may be due to the restric-
tions of our study population as they were relatively 
strict. However, in our study, the prevalence of IR was 
at least 5.7% in the IRRF-Optimal population who are 
non-smokers, non-diabetic and non-obese with normal 
BP and lipids, which indicated that additional factors 
play a major role in affecting the early IR. In the present 
study, we found that TG was independently associated 
with IR despite the IRRF-Free group or the IRRF-Optimal 
group, which was consistent with the results of previous 
similar study.39 The possible mechanism is that TG was 
hydrolysed into free fatty acid (FFA) by various lipases, 
and FFA disrupts the insulin signalling pathway through 
multi pathways.40 For example, FFA could interrupt the 
expression of lipid regulation and lead to the accumula-
tion of lipid, which will disrupt the insulin metabolism in 
liver and resulting in IR.41 FFA can induce IR by activating 
oxidative stress42 and activate the inflammation pathway 
to induce the functional disorder of insulin-secreting 
cells, resulting in IR.43

Interestingly, there was a significant association between 
TG and IR even when TG was in the normal range which 
was stated in the NCEP ATP III guideline, and 81.5 mg/dL 
can be acted as the cut-off value of TG to predict the prev-
alence of IR. Other studies have reported that 158 mg/
dL and 132 mg/dL could be used as a cut-off value of TG 
for men and women to predict IR,44 respectively, both 
were much higher than 81.5 mg/dL. In the IRRF-Free 
group and the IRRF-Optimal group, when TG ranged in 
81.5–150 mg/dL, the prevalence of IR was at least 12.0% 
and the number of IR in this range accounted for more 
than half of the total number of IR. Despite the IRRF-Free 
group and the IRRF-Optimal group, 74.0% and 79.0% of 
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IR were attributed to TG ranged in 79.5–200 mg/dL and 
81.5–150 mg/dL, respectively. The finding implied that 
at least 74.0% of IR would be prevented in the absence 
of IRRFs if the normal level of TG was adjusted from 
150 to 81.5 mg/dL. It is also possible that the ideal TG 
level can be much lower than the recommended value 
in the guideline. We recommend that effective measures 
should be taken to prevent the prevalence of IR when TG 
reaches 81.5 mg/dL. In addition, in a meta-analysis, TG 
has been identified as an independent predictor of coro-
nary heart disease (CHD) even after adjustment for other 
confounders,45 and recent observational data suggest 
that TG levels exceeding 100 mg/dL predict future CHD 
events.46 Therefore, it is possible that our findings may 
have implications to pave a new way to prevent the devel-
opment of diabetes, cardiovascular diseases, cancers, etc.

In our study, WC was associated with IR, which consisted 
of previous studies.47 However, previous studies have 
shown that the relationship between WC and IR was more 
significant only in the elderly; therefore, WC was not suit-
able to be used as a predictor of IR in the whole popula-
tion.48 Overall, TG is a common clinical parameter and 
will be an effective marker of IR to evaluate the health 
status of an individual, and it is of great significance for 
early intervention of IR and related diseases.

Some limitations should be noted in this study. First, 
the data were obtained from a cross-sectional survey; 
therefore, further studies are needed to explore the asso-
ciations in a longitudinal setting. Second, HOMA-IR was 
used as an alternative to diagnose IR, with some limita-
tions on its reproducibility and reliability. Finally, we did 
not evaluate the genetic contribution to disease develop-
ment, which can be independent of IRRFs and could thus 
play an important role in our population.

In conclusion, the prevalence of IR was 6.9% and 5.7% 
in the IRRF-Free group and the IRRF-Optimal group, 
respectively. There is an association between TG and IR 
even in the normal range of TG concentration. Further 
studies are needed before any recommendation about 
lowering TG levels that are already in the normal range 
can be made. Thus, our findings are important for guiding 
the primary prevention and understanding of early IR.
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