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Background. Triglycerides and 25(OH)D had been reported as correlates of IR, but the results suggest substantial heterogeneity
across races. In addition, little research reported on whether different 25(OH)D levels affect triglycerides and IR. *erefore, a
similar study on the US population would be a great addition to the current one. *is study investigated the association between
triglycerides and IR at different 25(OH)D levels. Methods. A total of 19,926 participants were included, each containing specific
indicators for the study project. IR was estimated as a HOMA-IR index ≥2.73. Four multivariate logistic regression models were
developed to analyze the association between TG and IR and whether different 25(OH)D levels influenced this association.
Smoothed fitting curves were plotted. Results. Triglyceride was significantly associated with IR (OR: 1.3, 95 CI %), while this
association received different 25(OH)D levels (P for interaction <0.001). *e effect value OR was 1.33 with the high levels, and its
effect value OR was 1.28 with the low levels.Conclusion.*is study demonstrates that triglyceride levels are significantly associated
with insulin in the US adult population and can be used as a predictor of IR. *is correlation was compromised at different 25
(OH)D levels, so future studies need to be explored in more ethnically diverse contexts.

1. Introduction

Insulin resistance (IR) is defined as reduced insulin sensi-
tivity (IS) and refers to an increased amount of insulin
needed to perform its metabolic actions [1]. According to
previous research, IR is a hallmark of human obesity and is
associated with the risk of developing diabetes, breast cancer,
cardiovascular disease [2, 3], pancreatic cancer [2, 4], and
liver cancer [5]. Nonalcoholic fatty liver disease (NAFLD) is
a common cause of chronic liver disease and is closely as-
sociated with insulin resistance [6, 7]. Moreover, a recent
study suggests that risk factors for insulin resistance include
25(OH)D deficiency, secondary hyperthyroidism, exercise
intolerance, obesity, high triglyceride (TG) levels, and so on
[8]. It can be deduced that 25(OH)D3 is a protective factor
for IR, and TG is a risk factor for IR.

Vitamin D (25(OH)D), also known as cholecalciferol, is
not really a vitamin but the precursor to the potent steroid
hormone calcitriol (also named as 1,25-dihydroxy25(OH)
D3 (1,25(OH)2 D3)), which has extensive roles through
many tissues of the body. 25(OH)D was synthesized in
human skin under the exposure to ultraviolet or through
dietary uptake is well-adapted to the human body [9].
25(OH)D3 deficiency may also be linked to autoimmune
and infectious diseases such as osteoporosis [10], inflam-
matory bowel disease [11], glomerular disease, and chronic
renal insufficiency [12]. In addition, 25(OH)D deficiency
increases mortality from certain diseases such as systemic
lupus erythematosus [13], liver cirrhosis [14], and diabetes
[15]. Currently, there have been some studies showing that
25(OH)D promotes the synthesis and secretion of insulin by
pancreatic β-cells [10, 16] and has a role in combating type I
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and II diabetes, and 25(OH)D3 deficiency is thought to be a
significant factor in the development of type II diabetes.

Triacylglycerols (TG), fatty acyl ester derivatives of
glycerol, are a class of neutral lipids that represent the most
important storage form of energy for eukaryotic cells [17].
*e primary function of TG is to serve as a vital energy
substance for the body [18]. However, recent studies have
shown that elevated TG levels can increase the severity of
diseases, such as accelerating cardiovascular diseases and
atherosclerosis [19], exacerbating gout symptoms [20],
causing recurrent acute pancreatitis and persistent organ
failure [21], and complicating dialysis patients with in-
creased TG levels that also cause diabetes mellitus [22],
coronary artery disease [23], male sexual dysfunction [24],
nontraumatic fractures in middle-aged women [25], Alz-
heimer’s disease [26], hypothyroidism [27], and one of the
factors in the occurrence of diseases, especially diabetes
mellitus. In addition, it has been demonstrated that in-
creased muscle TG levels contribute to IR by attenuating
insulin signaling [28].

It has been found that IR increases the risk of developing
type II diabetes [29]. In recent years, type II diabetes (T2D)
has become a global challenge with a tremendous economic
burden for society and public health systems.More than 90%
of patients with diabetes have type II diabetes and it is of
great necessity to investigate the association between TG and
IR at different 25(OH)D3 levels. It has been shown that TG is
associated with IR [28]. However, there are not enough
evidence to show whether 25(OH)D levels influence this
association. With the present study, we sought to determine
the effects of 25(OH)D levels and TG levels on IR using data
from the 2009–2018 NHANES.

2. Methods

2.1. Data Sources. *is study was conducted using a cross-
sectional study of nine cycles (2001–2018) of data from the
NHANES database (https://www.cdc.gov/nchs/nhanes/) of
the National Center for Health. It is a study focusing on
health screening and healthy eating in the United States.
After applying its recommended population weights
weighting, it applied a multistage stratified probability de-
sign to collect data. Its sample is representative of the overall
sample of noninstitutionalized US citizens. *ese data in-
cluded demographic data, dietary data, physical measure-
ments, laboratory data, and questionnaire data. All
NHANES-based studies were approved by the US National
Health Statistics Research Ethics Review Board. Ethical
approval and more detailed information can be found on the
NHANES Ethics Review Committee’s website (https://www.
cdc.gov/nchs/nhanes/irba98.htm) [30].

2.2. StudyDesign and Participant Population. *is study was
a cross-sectional study and used data from the NHANES
official website: https://www.cdc.gov/nchs/nhanes/
NHANES. *e target-independent variable was the level
of serum triglyceride levels when the participants were
tested. *e dependent variable was IR, as defined by the

participant’s HOMA-IR index [31]. Less than 50mmol/L
was defined as the 25(OH)D deficient group, and ≥50mmol/
L was defined as the 25(OH)D level adequate group
according to the internationally recommended definition of
25(OH)D levels.

Participants aged 20 years or older who completed an
interview and examination at the Mobile Examination
Center (MEC) from 2001 to 2018 were recruited for this
study. Participants who do not meet the following criteria
were excluded: (1) have data on fasting insulin, fasting
glucose, and fasting triglycerides, (2) age ≥20 years, and (3)
not taking medications that affect insulin, glucose meta-
bolism, or lipid metabolism.

2.3. Data Collection. All data were collected by trained
professionals. *e data utilized in this study included de-
mographics (age, gender, race, education, etc.), anthropo-
metric measurements (height, waist circumference, weight,
body mass index (BMI), etc.), health-related behaviors
(smoking and alcohol consumption), and biochemical tests
(HDL, ALT, AST, TG, etc.). All information is collected, and
blood samples are collected in a mobile testing center (MEC)
where basic information is collated immediately and serum
samples are sent to the Laboratory Sciences Division of the
National Center for Environmental Health, Centers for
Disease Control and Prevention, and designated authorized
institutions for analysis after scientific storage management.

2.3.1. Measurement of 25(OH)D. Immediately after serum
samples are taken at the MEC, they are stored frozen at −30°C.
Samples for 25(OH)D measurement are then transported
uniformly to the CDC Environmental Health Laboratory in
Atlanta, Georgia. 25(OH)D levels (ng/ml) were defined as the
sum of 25(OH)D3 and D2. Laboratory analysis was performed
by ultrahigh performance liquid chromatography-tandem
mass spectrometry (UHPLC-MS/MS) [32].

2.3.2. Measurement of Triglycerides. *e method for tri-
glycerides was done based on Wahlefeld’s method using
lipases derived from microorganisms to facilitate the rapid
and complete hydrolysis of triglycerides to glycerol and
subsequent oxidation to dihydroxyacetone phosphate and
hydrogen peroxide. In the presence of peroxidase, the
peroxide reacts with 4-aminophenazone and 4-chlorophenol
in a Trinder reaction to a colorimetric endpoint.

2.3.3. HOMA-IR Index and Reduced Insulin Sensitivity.
*e HOMA-IR index is considered to be a good index for
evaluating insulin sensitivity (PMID: 31958717). *e for-
mula for calculating HOMA-IR is: fasting blood glucose
level (FPG, mmol/L)× fasting insulin level (FINS, μU/mL)/
22.5. In this study, based on previous studies, the HOMA-IR
index in the US adult population was calculated as an IR
index greater than or equal to 2.73 was defined as positive for
IR in the US adult population, based on previous studies.
Participants with a HOMA-IR index lower than 2.73 were
defined as IR negative [33].
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2.3.4. Definition of Some Other Variables. Diabetes mellitus:
fasting blood glucose was multiplied by 0.056 (rounded to
retain three decimal places) to convert the unit from mg/dl
to mmol/l [34]. Diabetes was diagnosed by fasting glucose
≥7.0mmol/l, OGTT ≥11.1mmol/l, physician diagnosis, self-
reported, or taking diabetes medication.

Race: Mexican-American, other Hispanic, non-Hispanic
white, non-Hispanic black, and other races.

Education: High school graduate, high school graduate,
college graduate, or higher.

Smoking: smoked, quit smoking, and never smoked.
Participants who smoked ≥100 cigarettes or more in total in
the past and reported smoking on a few days or every day at
the time of the interview were considered current smokers.
Participants who smoked <100 cigarettes in the past but
were not currently smoking were considered ex-smokers.
Participants who smoked <100 cigarettes in the past were
considered nonsmokers.

Alcohol consumption: drinking versus nondrinking.
Heavy drinkers were defined as >1 drink/day for women and
>2 drinks/day for men.

BMI: based on height and weight. Height was measured
by the researchers using an electronic sports measuring
device (Seca Ltd, Medical Scales and Measurement Systems,
Birmingham, UK) with an accuracy of millimeters. Body
weight was measured by researchers using a digital scale
(Toledo Scale; Mettler-Toledo, LLC, Columbus, OH, USA),
and after measurement, pounds were converted to kilo-
grams. *e formula for BMI is: BMI�weight (kg)/height
(M2) [35].

2.4. Statistical Methods. All data were analyzed using R
version 4.1.2, with continuous variables represented by
detailed sample descriptions with a mean confidence
interval of 95%. Categorical variables were represented by
counts and weighted percentages. Skewed distributions
were based on median and Q1–Q3. Normal distributions
were described by median and standard deviation. Con-
tinuous variables were compared between groups using
the Student t-test or Mann-Whitney U test based on the
normality of the distribution, and within-group com-
parisons were made using Fisher’s exact probability
method. Covariates were selected based on potential
confounders that may be associated with triglycerides and
IR. Gender, age, race, smoking, BMI, obesity, and edu-
cation were selected as covariates based on a combination
of previous literature, international standards, and rele-
vant clinical experience. Multiple interpolation was used
to fill in the missing covariates with the aim of maximizing
statistical power and minimizing bias. In addition, sen-
sitivity analyses were conducted to see if the resulting
complete data differed significantly from the original data.
*ese studies showed that the data after multiple inter-
polation did not differ significantly from the original data
and were not statistically significant (p> 0.05). *erefore,
all results of our multivariate analysis were based on the
data set after multiple interpolation according to Rubin’s
criterion. Four multivariate logistic regression models

were developed to analyze the relationship with IR at
different 25(OH)D levels, and smooth fitted curves were
constructed. p< 0.05 (two-sided) was considered statis-
tically significant.

3. Results

3.1. Description of the Basic Information of the Population.
*ere were 19,926 participants in the 9 NHANES cycles
(2001–2018; Figure 1). *e basic information of the included
participants is detailed in Table 1. *e participants were
grouped according to the occurrence of IR and divided into
IR positive group and IR negative group.*e mean age of all
participants was 47.4± 19.2 years. *e distribution of the
two groups differed in gender, race, education, hypertension,
diabetes, and alcohol consumption. BMI, waist circumfer-
ence, TG, ALT, and ASTwere higher in the IR positive group
than in the IR negative group. In contrast, HDL, TBIL, and
25(OH)Dwere higher in the IR negative group than in the IR
positive group.

3.2. Univariate Regression Analysis. Univariate logistic re-
gression showed the factors associated with IR in this study
as shown in Table 2. Race, education, alcohol consumption,
HDL, TBIL, ALB, and 25(OH)D were negatively associated
with IR. In contrast, BMI, waist circumference, hyperten-
sion, diabetes, TG, ALT, AST, and BUN were positively
associated with IR.

3.3. Multifactorial Regression Analysis. *is study con-
structed four logistic regression models to analyze the in-
dependent association between triglyceride levels and IR. As
shown in Table 3, the model-based effect values OR indi-
cated a corresponding increase in the risk of IR for each unit
increase in triglycerides. For example, in the unadjusted
model (Model 1), the total effect value was 2.02 (1.94 to 2.09).
Each 1 unit increase in triglycerides implies a 102% increase
in the risk of developing IR. In the adjusted basic informatics
model (Model 2), the effect value was OR: 2.07 (1.99 to 2.15).
In the model adjusted for characteristic informatics (Model
3), the effect value was OR: 1.53 (1.46 to 1.59). In the fully
adjusted model (Model 4), the OR and 95% CI were 1.3 and
1.25 to 1.36, respectively. *e results suggest that triglyc-
erides and IR were independently and negatively associated
after controlling for potential confounders.

In addition, we also grouped according to 25(OH)D
levels and observed whether triglycerides and IR received an
effect of this association at different 25(OH)D levels (Ta-
ble 3). *e association between triglycerides and IR was
strengthened within the high 25(OH)D subgroup (Model 1:
2.13 vs. 1.97, Model 2: 2.12 vs. 2.01,Model 3: 1.54 vs. 1.52, and
Model 4: 1.33 vs. 1.28).

3.4. Curve-Fitting Analysis. *e current study better ex-
plains the association between triglycerides and IR at dif-
ferent 25(OH)D levels. We plotted the curve fit. As shown in
Figures 2 and 3, there is a difference in the association
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Table 1: Baseline characteristics of the study participants.

Variables Total (n� 19,926) IR negative (n� 11,251) IR positive (n� 8,675) P value
Age, mean± SD 47.4± 19.2 46.1± 19.5 49.1± 18.7 <0.001
Gender, n (%)
Male 9,563 (48.0) 5,285 (47) 4,278 (49.3) 0.001Female 10,363 (52.0) 5,966 (53) 4,397 (50.7)

Race, n (%)
Mexican American 3,578 (18.0) 1,745 (15.5) 1,833 (21.1)

<0.001
Other Hispanic 4,007 (20.1) 2,162 (19.2) 1,845 (21.3)
Non-Hispanic white 8,981 (45.1) 5,449 (48.4) 3,532 (40.7)
Non-Hispanic black 1,656 (8.3) 831 (7.4) 825 (9.5)
Other races 1,704 (8.6) 1,064 (9.5) 640 (7.4)

Education, n (%)
Poorly educated 2,330 (11.7) 1,151 (10.2) 1,179 (13.6)

<0.001Moderately educated 7,544 (37.9) 4,099 (36.4) 3,445 (39.7)
Highly educated 10,052 (50.4) 6,001 (53.3) 4,051 (46.7)

BMI, mean± SD 28.6± 6.7 25.8± 4.9 32.2± 7.1 <0.001
Waist, mean± SD 97.9± 16.2 90.9± 12.8 107.0± 15.6 <0.001
Hypertension, n (%)
No 12,444 (62.5) 7,902 (70.2) 4,542 (52.4) <0.001Yes 7,482 (37.5) 3,349 (29.8) 4,133 (47.6)

DM, n (%)
No 16,537 (83.0) 10,394 (92.4) 6,143 (70.8) <0.001Yes 3,389 (17.0) 857 (7.6) 2,532 (29.2)

Alcohol, n (%)
No 15,810 (79.3) 8,547 (76) 7,263 (83.7) <0.001Yes 4,116 (20.7) 2,704 (24) 1,412 (16.3)

Smoke, n (%)
Never smoking 10,890 (54.7) 7,898 (70.2) 2,646 (30.5)

<0.001Former smokers 4,942 (24.8) 2,813 (25) 2,134 (24.6)
Current smokers 4,094 (20.5) 540 (4.7) 3,895 (44.9)

HDL, median(IQR), mmol/L 1.3 (1.1, 1.6) 1.4 (1.2, 1.8) 1.2 (1.0, 1.4) <0.001
TG, median (IQR), mmol/L 1.2 (0.8, 1.8) 1.0 (0.7, 1.4) 1.5 (1.0, 2.2) <0.001
ALT, median (IQR), U/L 20.0 (16.0, 28.0) 19.0 (15.0, 25.0) 23.0 (17.0, 32.0) <0.001
AST, median (IQR), U/L 23.0 (19.0, 27.0) 22.0 (19.0, 26.0) 23.0 (19.0, 28.0) <0.001
TBIL, median(IQR), μmol/L 12.0 (8.6, 15.4) 12.0 (10.3, 15.4) 12.0 (8.6, 13.7) <0.001
BUN, median(IQR), mmol/L 4.3 (3.6, 5.4) 4.3 (3.2, 5.4) 4.3 (3.6, 5.7) <0.001
ALB, median (IQR), g/L 42.0 (40.0, 45.0) 43.0 (41.0, 45.0) 42.0 (40.0, 44.0) <0.001
25(OH)D, median (IQR), ng/ml 59.1 (43.3, 76.2) 62.2 (45.9, 80.1) 54.8 (40.0, 70.8) <0.001
DM, diabetes mellitus; HDL, high-density lipoprotein; TG, triglyceride; ALT, alanine transaminase; AST, aspartate transaminase; TBIL, total bilirubin; BUN,
blood urea nitrogen; ALB, albumin; and vitd, 25(OH)D.

NHANES 8 cycles (2001-2018) with
82,097 participants

47,900 participants were included

20,206 participants were included

Ultimately, a total of 19,926 eligible
participants were entrolled in this

study

280 participants were excluded
because they were taking

medications that affected their
metabolism

27,268 participants were excluded for
lack of insulin data, 37 participants

were excluded for lack of triglyceride
data and 389 participants were

excluded for lack of vitamin D data

34,197 participants were excluded
because they were under the age of

18

Figure 1: Flowchart of patient selection.
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between different 25(OH)D levels and IR. Also, at higher
triglycerides, higher 25(OH)D levels are more likely to be
insulin resistant, which represents that high levels of tri-
glycerides may weaken the protective effect of 25(OH)D on
IR.

4. Discussion

To our knowledge, this study examined the association
between triglyceride and IR using univariate logistic re-
gression. It found that HDL, total bilirubin, albumin, and
25(OH)D may be protective factors for IR. In contrast,
smoking, BMI and waist circumference above normal, hy-
pertension, diabetes mellitus, triglycerides, glutathione,
glutathione, and blood urea nitrogen may be risk factors for
IR. In addition, men were found to have a higher probability
of IR than women, in which the probability of IR varied
significantly by race and the population’s education level was
negatively associated with the probability of IR. In the
present study, we found that the odds of IR were lower in the
drinking population than in the nondrinking population.
However, this does not mean that we support alcohol

drinking. More correlational studies need to evaluate the
combined effects of alcohol consumption on humans.

*e effect of confounding was explored by adjustment
for a wide range of potentially confounding factors in re-
gression models. In a fully adjusted model excluding other
confounders (Model 4; Table 3), we found a strong corre-
lation between TG and IR (OR: 1.3, 95% CI 1.25 to 1.36). Our
results are largely consistent with those of other studies. For
example, a cross-sectional study conducted by Boursier [36]
in 2017 on an obese population (n� 498) found that tri-
glycerides are an independent correlate of IR (OR: 3.0, 95%
CI 2.0 to 4.5). In addition, Lin et al. [37] also found higher
triglycerides in the Chinese population (n� 9764) with IR. In
these studies, we found there are still some differences be-
tween their results and ours. *e reasons for the differences
may be due to the different populations selected for the
studies (different races) and differences in the way the data
were processed. Also, this study further found that the as-
sociation between TG and IR differed significantly at dif-
ferent 25(OH)D3 levels, and the reason for the difference
was that high levels of TG could disrupt the protective effect
of 25(OH)D3 on IR.

Current mainstream studies report that 25(OH)D3 may
improve IR by increasing insulin sensitivity through inhi-
bition of inflammation [38–40]. 25(OH)D may reduce the
extent of IR-related pathology by enhancing insulin sig-
naling. *ere are various pathways through which 25(OH)D
enhances insulin signaling, such as maintaining normal
resting levels of ROS and Ca2+ [41], exerting autocrine and
paracrine effects [42], and reducing oxidative stress [43]. It is
thus clear that 25(OH)D may inhibit IR through multiple
pathways.

On the other hand, some studies have shown that excess
triglycerides in the body promote ectopic lipid accumulation
in the liver, skeletal muscle, and heart triggering impairment
of insulin signaling pathways and hence inducing IR [44, 45].
*is is due to white adipocyte tissue (WAT) dysfunction
caused by lipid accumulation. WAT dysfunction increases
proinflammatory adipokines, and activation of oxidative
stress and the renin-angiotensin-aldosterone system (RAAS)
promotes IR [44, 46].

Notably, several studies have shown that high levels of
TG lead to a decrease in 25(OH)D3 levels [47–50], sug-
gesting that TG is negatively correlated with 25(OH)D3,
which may be explained by the fact that cholecalciferol load
is distributed in a larger volume, resulting in its release into
the adipose tissue stores of 25(OH)D in circulation more
slowly [50]. From these studies, we hypothesized that ele-
vated TG levels would disrupt the protective effect of
25(OH)D3 on IR, leading to a stronger relationship between
triglycerides and IR.

In addition, there is still some discussion about the link
between insulin resistance and 25(OH)D. In today’s world,
the most prevalent chronic liver disease is chronic hepatitis
due to nonalcoholic fatty liver disease. Most studies suggest
that metabolic pathways such as 25(OH)D levels and insulin
resistance may underlie nonalcoholic steatohepatitis.
However, the conclusions of these studies are not absolute;
for example, the findings of Yuval et al. [51] in 2016 suggest

Table 2: Univariate analysis for IR.

Variable OR (95% CI) P value
Age 1.01 (1.01∼ 1.01) <0.001
Gender
Male 1
Female 0.91 (0.86∼ 0.96) 0.001

Race
Mexican American 1
Other Hispanic 0.81 (0.74∼ 0.89) <0.001
Non-Hispanic white 0.62 (0.57∼ 0.67) <0.001
Non-Hispanic black 0.95 (0.84∼1.06) 0.342
Other races 0.57 (0.51∼ 0.64) <0.001

Education
Poorly educated 1
Moderately educated 0.82 (0.75∼ 0.9) <0.001
Highly educated 0.66 (0.6∼ 0.72) <0.001

BMI 1.22 (1.21∼ 1.23) <0.001
Waist 1.09 (1.08∼1.09) <0.001
Hypertension
No 1
Yes 2.15 (2.03∼ 2.28) <0.001

DM
No 1
Yes 5 (4.6∼ 5.44) <0.001

Alcohol
No 1
Yes 0.61 (0.57∼ 0.66) <0.001

HDL 0.16 (0.15∼ 0.17) <0.001
TG 2.02 (1.94∼ 2.09) <0.001
ALT 1.02 (1.02∼1.03) <0.001
AST 1 (1∼ 1.01) <0.001
TBIL 0.96 (0.95∼ 0.96) <0.001
BUN 1.04 (1.03∼1.05) <0.001
ALB 0.94 (0.94∼ 0.95) <0.001
25(OH)D 0.99 (0.99∼ 0.99) <0.001
DM, diabetes mellitus; HDL, high-density lipoprotein; TG, triglyceride;
ALT, alanine transaminase; AST, aspartate transaminase; TBIL, total bil-
irubin; BUN, blood urea nitrogen; and ALB, albumin.
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that 25(OH)D levels do not appear to be associated with
NAFLD.*us, despite preclinical evidence linking 25(OH)D
to the pathogenesis of NAFLD, in humans, 25(OH)D de-
ficiency does not appear to be associated with the severity of
NAFLD. As Tarantino et al. [52] showed in 2019, this may be
a critical point, as there is clear evidence that we are far from
having a clear understanding of the underlying mechanisms
of NAFLD.

We found shortcomings in the present study. For ex-
ample, this study did not address some special populations,
such as pregnant women and children. Whether the results
apply to these special populations is currently unknown.
More studies should be conducted in the future to dem-
onstrate the applicability of the results to these specific
populations. A 2014 study of 25(OH)D by Youselzadeh et al.
[53] concluded that factors such as race and obesity were
affected by 25(OH)D and 25(OH)D-binding proteins. At the
same time, a 2017 study by Jassil et al. [54] found that non-
Hispanic blacks had lower 25(OH)D, whichmore favourably
demonstrated the link between 25(OH)D and 25(OH)D-
binding proteins. In future research, we will also conduct
research on 25(OH)D-binding proteins. However, there are
clear advantages to this study. First, the sample size was large
(19,926) and spanned a period of 18 years. Furthermore, the
stratified fit curves were developed to better illustrate the
association between triglycerides and IR. Moreover, we
analyzed the association between triglycerides and IR using
multiple regression, which allowed us to exclude further
factors that were not strongly associated with IR. Only then
did we finally conclude that high levels of triglycerides
undermine the protective effect of 25(OH)D on IR.

5. Conclusion

We found an independent negative correlation between
triglycerides and IR in the US population using a cross-
sectional study. In addition, the association between TG and
IR was enhanced under high-level 25(OH)D conditions
when classified according to 25(OH)D levels. *e study
results may provide a reference for the analysis of factors in
the pathogenesis of IR and suggest 25(OH)D levels and TG
as markers of IR.

Abbreviations

BMI: Body mass index
FBG: Fasting blood glucose
VitD3: Vitamin D3

Table 3: Multiple logistic regression analysis of the association between TG and IR.

Variable
Model 1 Model 2 Model 3 Model 4

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
TG 2.02 (1.94∼2.09) <0.001 2.07 (1.99∼2.15) <0.001 1.53 (1.46∼1.59) <0.001 1.3 (1.25∼1.36) <0.001
25(OH)D group
<50 nmol/L 1.97 (1.84∼2.1) <0.001 2.01 (1.87∼2.15) <0.001 1.52 (1.41∼1.63) <0.001 1.28 (1.19∼1.37) <0.001
≥50 nmol/L 2.13 (2.03∼2.23) <0.001 2.12 (2.02∼2.23) <0.001 1.54 (1.47∼1.62) <0.001 1.33 (1.26∼1.4) <0.001

Model 1: nonadjusted; Model 2: adjusted age, gender, and race; Model 3: adjusted age, gender, race, and education, BMI, waist, hypertension, DM, and
alcohol; Model 4: adjusted age, gender, race, education, BMI, waist, hypertension, DM, alcohol, ALT, AST, TBIL, BUN, ALB, and HDL.
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Figure 2: Association between TG and IR (total).
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Figure 3: Association between TG and IR (individual).
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Hb-A1c: Glycosylated hemoglobin
TC: Total cholesterol
ALT: Alanine aminotransferase
BUN: Blood urea nitrogen
WC: Waist
TG: Triglyceride
CI: Confidence interval
OR: Odds ratio
HUA: Hyperuricemia.
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importance and pathogenic mechanisms of IR in chronic
renal insufficiency (part I): IR in patients with chronic renal
insufficiency,” Medicinski Pregled, vol. 53, no. 1-2, pp. 45–50,
2000.

[20] K. T. Hoskison and R. L. Wortmann, “Management of gout in
older adults: barriers to optimal control,” Drugs & Aging,
vol. 24, no. 1, pp. 21–36, 2007.

International Journal of Endocrinology 7

https://www.cdc.gov/nchs/nhanes/


[21] A. L. Yang and J. McNabb-Baltar, “Hypertriglyceridemia and
acute pancreatitis,” Pancreatology, vol. 20, no. 5, pp. 795–800,
2020.

[22] R. A. Kreisberg, “Diabetic dyslipidemia,” Ce American
Journal of Cardiology, vol. 82, no. 12a, pp. 67U–73U, 1998.

[23] B. Chanu, “Hypertriglyceridemia: danger for the arteries,” La
Presse Médicale, vol. 28, no. 36, pp. 2011–2017, 1999.

[24] A. M. Traish and K. E. Kypreos, “Testosterone and cardio-
vascular disease: an old idea with modern clinical implica-
tions,” Atherosclerosis, vol. 214, no. 2, pp. 244–248, 2011.

[25] P. Y. Chang, E. B. Gold, J. A. Cauley et al., “Triglyceride levels
and fracture risk in midlife women: study of women’s health
across the nation (SWAN),” Ce Journal of Clinical Endo-
crinology & Metabolism, vol. 101, no. 9, pp. 3297–3305, 2016.

[26] M. Agarwal and S. Khan, “Plasma lipids as biomarkers for
Alzheimer’s disease: a systematic review,” Cureus, vol. 12,
no. 12, p. e12008, 2020.

[27] A. Kotwal, T. Cortes, N. Genere et al., “Treatment of thyroid
dysfunction and serum lipids: a systematic review and meta-
analysis,”Ce Journal of Clinical Endocrinology &Metabolism,
vol. 105, no. 12, pp. 3683–3694, 2020.

[28] E. W. Kraegen, G. Cooney, J. Ye, and A. *ompson, “Tri-
glycerides, fatty acids and insulin resistance-hyper-
insulinemia,” Experimental and Clinical Endocrinology &
Diabetes, vol. 109, no. 04, pp. S516–S526, 2001.

[29] B. Fletcher, M. Gulanick, and C. Lamendola, “Risk factors for
type 2 diabetes mellitus,” Ce Journal of Cardiovascular
Nursing, vol. 16, no. 2, pp. 17–23, 2002.

[30] N. Ahluwalia, J. Dwyer, A. Terry, A. Moshfegh, and
C. Johnson, “Update on NHANES dietary data: focus on
collection, release, analytical considerations, and uses to in-
form public policy,” Advances in Nutrition, vol. 7, no. 1,
pp. 121–134, 2016.

[31] R. Gong, G. Luo, M. Wang, L. Ma, S. Sun, and X. Wei,
“Associations between TG/HDL ratio and insulin resistance
in the US population: a cross-sectional study,” Endocrine
Connections, vol. 10, no. 11, pp. 1502–1512, 2021.

[32] M. F. Holick, N. C. Binkley, H. A. Bischoff-Ferrari et al.,
“Evaluation, treatment, and prevention of vitamin D defi-
ciency: an endocrine society clinical practice guideline,” Ce
Journal of Clinical Endocrinology &Metabolism, vol. 96, no. 7,
pp. 1911–1930, 2011.

[33] Z. Xu, R. Gong, G. Luo et al., “Association between vitamin
D3 levels and insulin resistance: a large sample cross-sectional
study,” Scientific Reports, vol. 12, no. 1, p. 119, 2022.

[34] R. Gong, Z. Xu, and X.Wei, “*e association between vitamin
D3 and diabetes in both hyperuricemia and non-hyperuri-
cemia populations,” Endocrine, vol. 74, no. 1, pp. 90–99, 2021.

[35] T. Cederholm, I. Bosaeus, R. Barazzoni et al., “Diagnostic
criteria for malnutrition-an ESPEN consensus statement,”
Clinical Nutrition, vol. 34, no. 3, pp. 335–340, 2015.

[36] E. G. Behiry, N. M. El Nady, O. M. AbdEl Haie, M. K. Mattar,
and A. Magdy, “Evaluation of TG-HDL ratio instead of
HOMA ratio as insulin resistance marker in overweight and
children with obesity,” Endocrine, Metabolic & Immune
Disorders-Drug Targets, vol. 19, no. 5, pp. 676–682, 2019.

[37] D. Lin, Y. Qi, C. Huang et al., “Associations of lipid pa-
rameters with insulin resistance and diabetes: a population-
based study,” Clinical Nutrition, vol. 37, no. 4, pp. 1423–1429,
2018.

[38] K. M. Sadek and H. Shaheen, “Biochemical efficacy of vitamin
D in ameliorating endocrine and metabolic disorders in di-
abetic rats,” Pharmaceutical Biology, vol. 52, no. 5,
pp. 591–596, 2014.

[39] T. Takiishi, C. Gysemans, R. Bouillon, and C. Mathieu,
“Vitamin D and diabetes,” Endocrinology and Metabolism
Clinics of North America, vol. 39, no. 2, pp. 419–446, 2010.
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