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Abstract: Background: Vitamin D may have a role in insulin sensitivity. However, the data on the
association between various metabolites of Vitamin D and insulin-related parameters have been
limited. Methods: We identified 6026 adults aged 20–80 years who participated in the 2011–2016
National Health and Nutrition Examination Survey (NHANES). Serum total 25OHD, 25OHD3,
and epi-25OHD3, fasting glucose, insulin, and HOMA2-IR were obtained from the NHANES
data. The association between serum Vitamin D-related values and insulin resistance was ana-
lyzed using a generalized linear model. For risk analysis, multifactorial logistic regression was
used. Results: The median total 25-hydroxyvitamin D level, 25-hydroxyvitamin D3 level, and 3-epi-
25-hydroxyvitamin D3 level were 62.5 nmol/L, 58.8 nmol/L, and 3.3 nmol/L, respectively. After
adjustment for sex, age, race, ethnicity, and education status, the ORs for the insulin resistance of
participants of total 25-hydroxyvitamin D, 25-hydroxyvitamin D3, and 3-epi-25-hydroxyvitamin
D3 were 0.32 (95% CI 0.24, 0.43), 0.34 (95% CI 0.26, 0.44), and 0.64 (95% CI 0.53, 0.77), respectively.
After an adjustment for body mass index, diabetes, and drinking and smoking, the ORs for the
insulin resistance of the participants for total 25-hydroxyvitamin D, 25-hydroxyvitamin D3, and
3-epi-25-hydroxyvitamin D3 were 0.56 (95% CI 0.40, 0.78), 0.63 (95% CI 0.46, 0.85), and 0.99 (95% CI
0.80, 1.24), respectively. Conclusions: Our study provides suggestive evidence for the association
between Vitamin D concentrations and a lower risk of insulin resistance. Evidence from larger and
more adequately powered cohort studies is needed to confirm our results.

Keywords: exposure; insulin resistance; vitamin D

1. Introduction

Vitamin D is one of the vitamins necessary for the human body to maintain life and
health [1]. It is a fat-soluble vitamin that plays an important role in maintaining calcium
homeostasis in the body [2]. Vitamin D deficiency has been reported worldwide [3]; when
plasma 25-(OH)D3 concentration is <30 ng/mL, it can be judged as Vitamin D deficiency. In
addition, many studies have shown that Vitamin D plays an important role in maintaining
the metabolic balance of calcium and bone formation in the body [4]. However, in recent
years, more and more attention has been paid to its potential extraosseous effects [5]. Many
studies have found that Vitamin D has immunomodulatory effects; besides this, vitamin
D deficiency may be associated with low-grade inflammatory states, obesity, metabolic
syndrome, and essential hypertension [6].

Recent studies have shown that in addition to protecting bones, vitamin D is also
closely related to the occurrence of diabetes [7,8]. Adequate vitamin D has a certain effect
on promoting insulin secretion and reducing insulin resistance [9]. Research has shown
that diabetes has become one of the major chronic non-communicable diseases affecting the
health of global residents [10]. The latest data from the International Diabetes Federation
(IDF) show that the total number of people with diabetes worldwide will reach 537 million
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in 2021. It is estimated that by 2045, the number of people with diabetes worldwide could be
as high as 783 million [11,12]. Insulin resistance is a mechanism in which insulin-dependent
cells (such as adipocytes) respond inappropriately to insulin. The etiological pathway
is not yet clear, and the etiology involves the combined action of environmental and
genetic factors [13]. In addition, insulin resistance is a common underlying physiological
abnormality associated with type 2 diabetes [14]. Without the effective control of insulin
resistance, it is suggested that diabetes will develop eventually.

Previous cross-sectional clinical studies have indicated that even a low serum vitamin
D level is associated with a decreased insulin resistance risk in adults and children [15,16].
In terms of mechanism, vitamin D may have a favorable effect on insulin sensitivity
through a series of mechanisms, including an increase in the transcriptional activation
and expression of insulin receptor genes, promoting basal and insulin-stimulated glucose
oxidation, and thereby improving insulin sensitivity [17,18]. Vitamin D3 supplementation
has been proven to improve insulin sensitivity in subjects with impaired fasting glucose [19].
Moreover, observational studies on animal models have shown that Vitamin D levels can
promote the synthesis and secretion of insulin in the pancreas of mice [20]. In conclusion,
there is a close relationship between insulin resistance and vitamin D. The potential effects
of both were found to provide measures to reduce the incidence of diabetes. However,
data on the association between insulin-related parameters and various metabolites of
Vitamin D—in particular, the total 25-hydroxyvitamin D (25OHD) level, 25-hydroxyvitamin
D3(25OHD3) level, and 3-epi-25-hydroxyvitamin D3 (epi-25OHD3)—have been limited.
This study aimed to explore the relationship between insulin resistance and vitamin D
metabolites through multivariate logistic regression analysis and risk analysis using a
NHANES database that is available online.

2. Materials and Methods
2.1. Study Population

The data used in this study were extracted from NHANES [21]. We recruited adults
(>18 years of age) from the 2011–2016 period of NHANES. The total sample size was
29,903, including 6026 samples with detection data for insulin resistance and Vitamin D
levels. The specific exclusion steps were conducted as follows: the remaining sample
size after removing the insulin missing values from the total sample size was 8890; next,
2864 missing values for vitamin D and other related variables were removed; finally, a
remaining sample size of 6026 was included in our study for follow-up research. As
required by the Institutional Review Board of the National Center for Health Statistics, the
NHANES participants provided written informed consent [22].

2.2. The Determination of Vitamin D Metabolites

According to the NHANES data collection guidelines, serum specimens were collected
using regular red-top or serum-separator Vacutainers™. Ultra-high-performance liquid
chromatography–tandem mass spectrometry (UHPLC-MS/MS) was used to quantitatively
detect 25-hydroxyvitamin D3 (25OHD3), 3-epi-25-hydroxyvitamin D3 (epi-25OHD3), and
total 25-Hydroxyvitamin D (total 25OHD) in human serum. The analytes were chromato-
graphically separated generally on one of three pentafluorophenyl (PFP) columns (Thermo
Scientific, Waltham, MA, USA, Hypersil GOLD PFP 2.1 × 100 mm, 1.9 µm particle size
column, Phenomenex, Torrance, CA, USA, Kinetex PFP 2.1 × 100 mm, 1.7 µm, or Sigma-
Aldrich, St. Louis, MO, USA, Ascentis Express F5, 2.1 × 150 mm, 2.7 µm). Detection was
performed using a triple quadrupole tandem mass spectrometer (Thermo TSQ Vantage
system) using atmospheric pressure chemical ionization in the positive ion mode. Quanti-
tation was accomplished by comparing the response ratio in the unknown, with a response
ratio of a known amount of analyte in a calibrator solution. Response ratios are based on
the peak area of the analyte divided by the peak area of the internal standard.
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Because 25OHD is very stable, serum samples can be frozen at −20 ◦C to −70 ◦C for
years before analysis. The limits of detection (nmol/L) were calculated as follows: 4.88 and
1.88 for 25OHD3 and epi-25OHD3.

2.3. Determination of Fasting Glucose, Insulin, and HOMA-IR

Before performing insulin-related experiments such as insulin and fasting glucose,
participants were required to fast overnight. Serum was collected in Red Top Tubes.
Collected samples can be stored at −20 ◦C for two months. Serum insulin was measured
using an immunoenzymometric assay, with the TOSOH AIA-900 Chemistry Analyzer in
University of Missouri-Columbia.

In addition, blood was collected from fasting participants via venipuncture. Fasting
glucose was measured using a hexokinase-mediated reaction and a Roche/Hitachi Cobas
C 501 Chemistry Analyzer in University of Missouri-Columbia. Ultimately, fasting glucose
and insulin values were used to calculate the HOMA-IR value as follows [23]:

HOMA-IR = fasting blood glucose (mmol/L) × serum insulin (µU/mL)/22.5

Many studies have different cut-off values for HOMA-IR. There were reports that the
HOMA-IR values were divided into quarters for analysis [24]. In addition, some studies
showed that the HOMA-IR values were set based on the difference of the BMI values [25].
We mainly refer to clinical criteria for grouping. The cut-off value was set as follows [26]:

Insulin resistance values (HOMA-IR) of ≥2.00 were considered to indicate insulin
resistance [27].

2.4. Other Covariates

Questionnaire information included general demographic characteristics and general
life behaviors. General demographic characteristics included sex, age, race, and education
status. General behavioral characteristics included drinking, smoking, and physical activi-
ties. The information was based on participants’ self-reports. In addition, body mass index
(BMI) was calculated by dividing the weight (kg) by height (meters) squared. Cholesterol
was measured using the Beckman UniCel® DxC 800 Synchron and Beckman UniCel®

DxC 660i Synchron Access Clinical Systems. Creatinine (urine) and albumin (urine) were
measured using an Enzymatic Roche Cobas 6000 Analyzer and a fluorescein immunoassay
via a SequoiaTurner Digital Fluorometer, Model 450, respectively. As for dietary intake, the
nutritional assessment component of the current NHANES includes a 24 h dietary recall
interview for participants of all ages. Dietary recall interviews were conducted in person
by trained dietary interviewers fluent in Spanish and English. The setting of the interview
was a private room in the Mobile Examination Center (MEC). Each MEC dietary interview
room contained a standard set of measuring guides. According to the diagnostic criteria
for diabetes given by the American Diabetes Association, the reference level for fasting
blood glucose is: FPG (fasting plasma glucose) of ≥126 mg/dL (7.0 mmol/L). Fasting
is defined as having no caloric intake for at least 8 h. Therefore, in this survey, type 2
diabetes was defined as a fasting blood glucose level of ≥7.0 mmol/L or a self-reported
diabetes diagnosis.

2.5. Statistical Analysis

In this study, the analysis software used to process the data was SPSS (v. 25.0;
IBM Corp., Armonk, NY, USA) and R software (v. 4.0.3; R Foundation for Statistical
Computing, Vienna, Austria). The data analysis standard was a two-sided test, and
the test level was α = 0.05. Because the distribution of total 25-hydroxyvitamin D, 25-
hydroxyvitamin D3, and 3-epi-25-hydroxyvitamin D3 concentrations were right skewed,
we log-transformed the data. Since the data did not conform to a normal distribution,
these samples were described using the median and interquartile range. The relationships
between the participant characteristics and the 25-hydroxyvitamin D concentration (to-
tal 25-hydroxyvitamin D, 25-hydroxyvitamin D3, and 3-epi-25-hydroxyvitamin D3) were
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evaluated using the Wilcoxon rank-sum test or the Kruskal–Wallis test. The relationship
between the 25-hydroxyvitamin D concentration and insulin resistance was not linear.
Therefore, the data were analyzed using a generalized linear model. As for risk analy-
sis, we used a multifactorial logistic regression. The odds ratios (ORs) of HOMA-IR and
25-hydroxyvitamin D concentration were calculated at the 20th and 80th percentiles. Fur-
thermore, we also calculated the odds ratio of the HOMA-IR and 25-hydroxyvitamin D
concentrations at the 30th with 70th percentiles. The 25-hydroxyvitamin D concentration
was divided into tertiles in order to evaluate non-linear relationships, the lowest of which
was compared with the other two.

The logistic regression analysis method was used. Furthermore, the logistic regression
model for 25-hydroxyvitamin D concentration and HOMA-IR was adjusted. We employed
four tuning models—the first model was for sex, age, race and ethnicity, and education
status; the second model further adjusted for body mass index, diabetes, and drinking and
smoking, while the third model further adjusted for creatinine (urine), albumin (urine),
and cholesterol; the last model further adjusted for carbohydrate, protein, fat, dietary
fiber, vitamin D, and calcium. Moreover, we constructed four models to perform a risk
analysis. Consistent with the logistic regression model described earlier, the same four
model adjustments were made.

We estimated the proportions of the geometric mean vitamin D concentrations by
comparing the subgroups defined according to sex, age, race and ethnicity, education,
body mass index, diabetes, smoking status, and alcohol use between participants with
and without insulin resistance. The purpose was to assess the consistency of the findings
according to the characteristics of the participants.

3. Results

A total of 6026 participants were included in the study; 54.0% were male and 46.0% were
female. The participants age range was 20–80 years. Non-Hispanics comprised the largest
number of participants, at 62.1% of the total. Among these participants, a BMI greater than
30 accounted for the majority, at 37.8%. It is worth noting that 13.1% of people self-reported
or were diagnosed with diabetes. The number of participants who developed insulin
resistance (HOMA-IR value ≥ 2.0) was more than half of the total, accounting for 60.8%.

In the analyzed 2011–2016 NHANES data, the median total 25-hydroxyvitamin D level,
25-hydroxyvitamin D3 level, and 3-epi-25-hydroxyvitamin D3 level were 62.5 nmol/L,
58.8 nmol/L, and 3.3 nmol/L (Table 1), respectively. Among the population characteristics
analyzed, participants who were male, older than 60, non-Hispanic, BMI < 25, educated
at least at high school level, smokers, diabetics, and those who did not develop insulin
resistance had higher levels of total 25-hydroxyvitamin D, 25-hydroxyvitamin D3, and 3-epi-
25-hydroxyvitamin D3. In addition, the participants with albumin (urine) <5.6, creatinine
(urine) <0.81, cholesterol >5.25, had higher concentrations of total 25-hydroxyvitamin D,
25-hydroxyvitamin D3, and 3-epi-25-hydroxyvitamin D3 (Table 1).

The ORs for the insulin resistance of participants of total 25-hydroxyvitamin D, 25-
hydroxyvitamin D3, and 3-epi-25-hydroxyvitamin D3, respectively, were 0.32 (95% CI 0.24,
0.43), 0.34 (95% CI 0.26, 0.44), and 0.64 (95% CI 0.53, 0.77) separately, after adjustment for
sex, age, race and ethnicity, and education status (Table 2; model 1); and 0.56 (95% CI 0.40,
0.78), 0.63 (95% CI 0.46, 0.85), and 0.99 (95% CI 0.80, 1.24) after adjustment for body mass
index, diabetes, and drinking and smoking (Table 2; model 2). In addition, they were 0.57
(95% CI 0.41, 0.80), 0.64 (95% CI 0.47, 0.86), and 1.00 (95% CI 0.82, 1.26) after adjustment for
creatinine (urine), albumin (urine), and cholesterol (Table 2; model 3); they were 0.61 (95%
CI 0.43, 0.86), 0.67 (95% CI 0.49, 0.91), and 1.05 (95% CI 0.92, 1.18) after further adjustment
for carbohydrate, protein, fat, dietary fiber, vitamin D, and calcium (Table 2; model 4).
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Table 1. Concentrations of 25-hydroxyvitamin D according to Participant Characteristics.

25-Hydroxyvitamin D Concentration, Median (IQR), nmol/L p Value a

Characteristics No. (%) a Total
25-Hydroxyvitamin D 25-Hydroxyvitamin D3

3-epi-25-
Hydroxyvitamin

D3

Total 25-
Hydroxyvitamin

D

25-
Hydroxyvitamin

D3

3-epi-25-
Hydroxyvitamin

D3

Overall 6026 62.5 (45.7–81.1) 58.8 (41.6–77.2) 3.3 (2.0–5.0)
Sex 0.027 0.021 <0.001
Men 3252 (54.0) 63.1 (47.2–80.9) 59.4 (43.1–77.3) 3.4 (2.1–5.2)

Women 2875 (46.0) 61.6 (43.8–81.4) 57.9 (40.2–77.1) 3.2 (1.9–4.8)
Age, year <0.001 <0.001 <0.001

18–39 1663 (27.6) 56.9 (42.0–71.2) 54.5 (39.4–69.1) 3.0 (1.9–4.3)
40–59 2348 (39.0) 60.2 (43.8–77.5) 56.4 (40.0–73.5) 3.1 (1.9–4.7)
≥60 2015 (33.4) 73.3 (53.4–92.4) 67.2 (46.3–87.4) 3.9 (2.4–6.0)
Race <0.001 <0.001 <0.001

Chicano 834 (13.8) 53.7 (41.0–68.4) 50.4 (37.9–64.9) 2.9 (1.8–4.1)
Other Hispanics 653 (10.8) 61.1 (49.3–73.9) 57.4 (45.5–70.5) 3.3 (2.2–4.4)
Non-Hispanic 3740 (62.1) 66.2 (47.1–85.4) 62.2 (42.4–81.5) 3.5 (2.1–5.4)
Other Races 799 (13.3) 58.3 (43.6–77.7) 54.0 (39.7–73.3) 3.0 (1.9–4.4)

Body mass index <0.001 <0.001 <0.001
<25 1791 (29.7) 65.8 (48.0–85.2) 61.9 (44.0–82.2) 3.4 (2.2–5.3)

25≤30 1956 (32.5) 64.0 (48.0–82.0) 60.3 (44.7–78.6) 3.4 (2.2–5.3)
≥30 2279 (37.8) 68.8 (42.5–76.6) 54.4 (37.4–71.7) 3.0 (1.8–4.6)

Drinking 0.531 0.052 <0.001
Yes 4290 (71.2) 62.8 (45.8–80.9) 59.5 (42.2–77.4) 3.4 (2.1–5.1)
No 1736 (28.8) 61.7 (45.6–82.1) 56.8 (40.1–76.8) 3.1 (1.9–4.7)

Diabetes 0.009 0.146 0.856
Yes 787 (13.1) 64.9 (46.7–84.8) 58.3 (39.9–77.0) 3.3 (2.0–4.9)
No 5239 (86.9) 62.1 (45.5–80.8) 58.9 (41.9–77.3) 3.3 (2.0–5.0)

Insulin resistance <0.001 <0.001 <0.001
Yes 3664 (60.8) 60.5 (44.4–78.5) 56.1 (40.1–74.7) 3.2 (2.0–4.9)
No 2362 (39.2) 65.8 (48.6–84.9) 62.3 (44.6–81.3) 3.4 (2.2–5.2)

Smoking 0.069 0.204 <0.001
Yes 2587 (42.9) 63.9 (46.2–82.8) 60.0 (41.8–78.9) 3.5 (2.1–5.3)
No 3439 (57.1) 61.4 (45.4–79.8) 57.7 (41.5–76.3) 3.1 (2.0–4.8)

Creatinine (urine) mg/dL <0.001 <0.001 <0.001
<0.81 1971 (32.7) 64.8 (49.3–82.9) 61.1 (45.8–79.7) 3.4 (2.2–5.2)

0.81–1.44 2038 (33.8) 62.1 (45.8–80.1) 58.6 (41.7–76.4) 3.3 (2.0–5.0)
≥1.44 2017 (33.5) 60.8 (42.7–80.4) 56.0 (37.8–75.5) 3.2 (1.8–4.8)
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Table 1. Cont.

25-Hydroxyvitamin D Concentration, Median (IQR), nmol/L p Value a

Characteristics No. (%) a Total
25-Hydroxyvitamin D 25-Hydroxyvitamin D3

3-epi-25-
Hydroxyvitamin

D3

Total 25-
Hydroxyvitamin

D

25-
Hydroxyvitamin

D3

3-epi-25-
Hydroxyvitamin

D3

Albumin (urine) (mg/L) <0.001 <0.001 <0.001
<5.6 1999 (33.2) 67.0 (50.3–86.8) 62.7 (46.0–82.3) 3.5 (2.2–5.3)

5.6–13.2 2014 (33.4) 62.6 (45.5–81.2) 58.9 (41.7–77.8) 3.3 (2.0–4.9)
≥13.2 2013 (33.4) 58.1 (42.1–74.6) 54.6 (38.2–71.5) 3.1 (1.9–4.7)

Cholesterol (mmol/L) <0.001 <0.001 0.06
<4.4 1983 (32.9) 60.2 (44.2–77.5) 56.8 (40.7–73.7) 3.18 (2.0–4.9)

4.4–5.25 2000 (33.2) 63.5 (45.9–82.4) 60.0 (41.9–78.4) 3.4 (2.1–5.1)
≥5.25 2043 (33.9) 63.9 (63.9–83.5) 59.8 (42.4–79.3) 3.3 (2.1–4.9)

Education status <0.001 <0.001 <0.001
<High school 1335 (22.2) 58.5 (43.9–75.3) 54.6 (40.2–71.0) 3.0 (1.9–4.5)
High school 1300 (21.6) 60.8 (43.9–80.9) 57.3 (39.7–76.6) 3.2 (2.0–4.9)

>High school 3391 (56.3) 64.7 (47.5–83.0) 60.9 (43.079.4) 3.4 (2.1–5.3)
Physical activities 0.093 <0.001 <0.001

Yes 3896 (64.7) 62.8 (46.7–80.9) 59.7 (43.2–77.8) 3.4 (2.1–5.2)
No 2130 (35.3) 61.9 (44.2–82.0) 56.8 (38.5–76.1) 3.1 (1.8–4.7)

Dietary intake
Carbohydrate (g) 0.001 0.117 0.359

<177.81 2006 (33.3) 63.0 (45.1–82.8) 58.1 (40.5–78.4) 3.3 (2.0–5.0)
177.81–263.25 2013 (33.4) 64.2 (46.4–82.8) 60.0 (42.3–78.6) 3.3 (2.0–5.2)

≥263.25 2007 (33.3) 61.0 (45.5–78.2) 58.3 (42.5–75.3) 3.3 (2.1–4.8)
Protein (g) 0.753 0.112 0.096

<58.41 2006 (33.3) 62.5 (44.5–82.4) 57.9 (40.2–77.4) 3.2 (1.9–4.9)
58.41–85.58 1981 (32.9) 62.5 (46.2–81.5) 59.2 (42.4–78.4) 3.3 (2.1–5.1)
≥85.58 2039 (33.8) 62.4 (46.3–79.7) 59.1 (42.8–76.0) 3.3 (2.1–4.9)
Fat (g) 0.149 0.178 0.287
<54.16 2006 (33.3) 62.4 (44.8–81.4) 57.4 (40.3–76.7) 3.1 (2.0–4.9)

54.16–83.33 2013 (33.4) 62.9 (46.4–82.9) 59.3 (42.2–78.8) 3.3 (2.1–5.0)
≥83.33 2007 (33.3) 62.1 (45.8–79.6) 59.4 (42.7–76.1) 3.3 (2.1–5.1)

Dietary fiber (g) <0.001 <0.001 <0.001
<11.15 2004 (33.3) 58.7 (42.1–78.0) 54.4 (36.9–72.8) 3.1 (1.8–4.7)

11.15–18.20 2005 (33.3) 63.3 (46.4–82.2) 59.5 (42.6–78.7) 3.3 (2.1–5.0)
≥18.20 2017 (33.4) 64.8 (48.8–83.0) 61.2 (45.5–79.2) 3.5 (2.2–5.2)
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Table 1. Cont.

25-Hydroxyvitamin D Concentration, Median (IQR), nmol/L p Value a

Characteristics No. (%) a Total
25-Hydroxyvitamin D 25-Hydroxyvitamin D3

3-epi-25-
Hydroxyvitamin

D3

Total 25-
Hydroxyvitamin

D

25-
Hydroxyvitamin

D3

3-epi-25-
Hydroxyvitamin

D3

Vitamin D (µg) <0.001 <0.001 <0.001
<2.10 1976 (32.8) 57.8 (41.8–77.7) 53.4 (37.3–72.8) 3.1 (1.8–4.7)

2.10–4.70 2030 (33.7) 63.0 (44.9–81.7) 58.8 (40.7–77.7) 3.2 (2.0–5.1)
≥4.70 2020 (33.5) 66.0 (50.5–84.1) 62.3 (47.2–80.1) 3.5 (2.3–5.2)

Calcium (mg) <0.001 <0.001 <0.001
<617.0 2005 (33.3) 58.5 (42.0–78.2) 53.3 (36.9–72.8) 3.0 (1.8–4.7)

617.0–975.84 2014 (33.4) 63.7 (47.0–83.3) 59.8 (42.6–78.8) 3.4 (2.1–5.0)
≥975.84 2007 (33.3) 64.2 (48.6–81.4) 61.3 (45.4–78.7) 3.5 (2.3–5.3)

Abbreviation: IQR, interquartile range. a Percentage values are weighted.
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Table 2. Odds Ratios of HOMA-IR by 25-hydroxyvitamin D Concentrations.

With Insulin
Resistance/Without
Insulin Resistance

70th vs. 30th
Percentile

80th vs. 20th
Percentile

25-hydroxyvitamin D
(nmol/L) 60.5/65.8 47.5/80.7 40.3/88.8

Model 1 a 1 [Reference] 0.32 (0.24–0.43) 0.34 (0.25–0.46) 0.36 (0.26–0.49)
Model 2 b 1 [Reference] 0.56 (0.40–0.78) 0.58 (0.41–0.82) 0.59 (0.41–0.86)
Model 3 c 1 [Reference] 0.57 (0.41–0.80) 0.58 (0.40–0.83) 0.61 (0.42–0.90)
Model 4 d 1 [Reference] 0.61 (0.43–0.86) 0.62 (0.43–0.90) 0.67 (0.45–0.99)

25-hydroxyvitamin D3
(nmol/L) 56.1/62.3 43.4/77.2 35.8/85.4

Model 1 a 1 [Reference] 0.34 (0.26–0.44) 0.35 (0.27–0.46) 0.35 (0.27–0.47)
Model 2 b 1 [Reference] 0.63 (0.46–0.85) 0.65 (0.47–0.90) 0.66 (0.47–0.93)
Model 3 c 1 [Reference] 0.64 (0.47–0.86) 0.66 (0.48–0.92) 0.70 (0.49–0.98)
Model 4 d 1 [Reference] 0.67 (0.49–0.91) 0.71 (0.51–0.99) 0.75 (0.53–1.08)
3-epi-25-

hydroxyvitamin D3
(nmol/L)

3.2/3.9 2.2/4.7 1.7/5.9

Model 1 a 1 [Reference] 0.64 (0.53–0.77) 0.51 (0.41–0.63) 0.60 (0.49–0.73)
Model 2 b 1 [Reference] 0.99 (0.80–1.24) 0.81 (0.63–1.04) 0.92 (0.72–1.18)
Model 3 c 1 [Reference] 1.00 (0.82–1.26) 0.82 (0.64–1.05) 0.96 (0.75–1.23)
Model 4 d 1 [Reference] 1.05 (0.92–1.18) 0.85 (0.66–1.10) 1.00 (0.78–1.28)

a Model 1 is shown as the odds ratio (95% confidence interval); adjusted for sex, age, race and ethnicity, and
education status. b Model 2 is shown as an odds ratio (95% confidence interval); further adjusted for body
mass index (calculated as weight in kilograms divided by height in meters squared), diabetes, and drinking
and smoking. c Model 3 is shown as odds ratio (95% confidence interval); further adjusted for creatinine(urine),
albumin(urine), and cholesterol. d Model 4 is shown as odds ratio (95% confidence interval); further adjusted for
carbohydrate, protein, fat, dietary fiber, vitamin D, calcium.

The ORs for the insulin resistance of participants in the 70th versus 30th percentiles of
total 25-hydroxyvitamin D, 25-hydroxyvitamin D3, and 3-epi-25-hydroxyvitamin D3 were,
respectively, 0.34 (95% CI 0.25, 0.46), 0.35 (95% CI 0.27, 0.46), and 0.51 (95% CI 0.41, 0.63)
separately, after adjustment for sex, age, race and ethnicity, and education status (Table 2;
model 1), and 0.58 (95% CI 0.41, 0.82), 0.65 (95% CI 0.47, 0.90), and 0.81 (95% CI 0.63, 1.04)
after adjustment for body mass index, diabetes, and drinking and smoking (Table 2; model 2).
In addition, they were 0.58 (95% CI 0.40, 0.83), 0.66 (95% CI 0.48, 0.92), and 0.82 (95% CI
0.64, 1.05) after adjustment for creatinine (urine), albumin (urine), and cholesterol (Table 2;
model 3), and 0.62 (95% CI 0.43, 0.90), 0.71 (95% CI 0.51, 0.99), and 0.85 (95% CI 0.66, 1.10)
after adjustment for carbohydrate, protein, fat, dietary fiber, vitamin D, calcium (Table 2;
model 4). The 80th versus 20th percentiles of total 25-hydroxyvitamin D,25-hydroxyvitamin
D3, and 3-epi-25-hydroxy Vitamin D3 were also the same as above (Table 2).

To further demonstrate the relationship between insulin resistance and vitamin D, we
performed a tertile analysis of the total 25-hydroxyvitamin D, 25-hydroxyvitamin D3, and
3-epi-25-hydroxyvitamin D3. The ORs for insulin resistance decreased in the four adjusted
models, decreasing with increasing Vitamin D concentrations, and the differences were
statistically significant (Table 3).

The negative association between total 25-hydroxyvitamin D and insulin resistance
after adjustment for creatinine (urine), albumin (urine), and cholesterol was consistent in
most subgroups, and was somewhat stronger in female, younger, higher education, and
never-smoking and never-drinking participants (Figure 1).



Nutrients 2022, 14, 3526 9 of 16

Table 3. Odds Ratio of Insulin resistance by 25-hydroxyvitamin D Concentrations.

Tertile 1 Tertile 2 Tertile 3 p Value for Trend a

Total 25-hydroxyvitamin D
(nmol/L) <51.5 51.5 to 74.7 >74.7

With Insulin
resistance/without Insulin

resistance, No.
1324/669 1238/807 1102/886

Model 1 b 1 [Reference] 0.76 (0.67–0.87) 0.59 (0.52–0.68) <0.001
Model 2 c 1 [Reference] 0.82 (0.71–0.95) 0.76 (0.65–0.89) <0.001
Model 3 d 1 [Reference] 0.82 (0.71–0.96) 0.77 (0.66–0.90) <0.001
Model 4 e 1 [Reference] 0.84 (0.72–0.97) 0.79 (0.67–0.93) <0.001

25-hydroxyvitamin D3
(nmol/L) <47.4 47.4 to 70.0 >70.0

With Insulin
resistance/without Insulin

resistance, No.
1324/665 1391/918 949/779

Model 1 b 1 [Reference] 0.77 (0.67–0.88) 0.58 (0.51–0.67) <0.001
Model 2 c 1 [Reference] 0.84 (0.73–0.98) 0.77 (0.66–0.90) <0.001
Model 3 d 1 [Reference] 0.85 (0.73–0.99) 0.78 (0.66–0.91) <0.001
Model 4 e 1 [Reference] 0.86 (0.74–1.00) 0.79 (0.68–0.93) <0.001

3-epi-25-hydroxyvitamin
D3 (nmol/L) <2.2 2.2 to 4.0 >4.0

With Insulin
resistance/without Insulin

resistance, No.
1093/613 1253/821 1318/928

Model 1 b 1 [Reference] 0.83 (0.73–0.95) 0.77 (0.68–0.88) <0.001
Model 2 c 1 [Reference] 0.96 (0.83–1.11) 1.05 (0.90–1.20) <0.001
Model 3 d 1 [Reference] 0.97 (0.83–1.12) 1.06 (0.91–1.23) <0.001
Model 4 e 1 [Reference] 0.98 (0.84–1.14) 1.08 (0.92–1.26) <0.001

a p value for trend based on log-transformed total 25-hydroxyvitamin D, 25-hydroxyvitamin D3, and 3-epi-25-
hydroxyvitamin D3 concentrations. b Model 1 is shown as odds ratio (95% confidence interval); adjusted for
sex, age, race and ethnicity, and education status. c Model 2 is shown as odds ratio (95% confidence interval);
further adjusted for body mass index (calculated as weight in kilograms divided by height in meters squared),
diabetes, and drinking and smoking. d Model 3 is shown as odds ratio (95% confidence interval); further adjusted
for creatinine (urine), albumin(urine), and cholesterol. e Model 4 is shown as odds ratio (95% confidence interval);
further adjusted for carbohydrate, protein, fat, dietary fiber, vitamin D, calcium.

In addition, we analyzed the relevant nutrients (protein, carbohydrate, fat, dietary
fiber, vitamin D, and calcium) in the participants’ diets. The negative correlation between
total 25 hydroxyvitamin D and insulin resistance after adjustment for creatinine (urine),
albumin (urine), and cholesterol was consistent in most subgroups. Additionally, it was
more obvious in those who consumed more than 236.25 g of carbohydrates, less than
54.16 g of fat, more than 18.2 g of dietary fiber, and more than 4.7 µg of vitamin D per day
(Figure 2).
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a Odds Ratio (95% confidence interval) is also adjusted for creatinine (urine), albumin (urine), and
cholesterol. b P for interaction based on log-transformed total 25-hydroxyvitamin D concentrations.
c Body mass index is calculated as weight in kilograms divided by height in meters squared.
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4. Discussion

In this study, the NHANES database was used to expose the relationship between in-
sulin resistance and vitamin D levels. The most important result obtained from the analysis
was a significant negative correlation between vitamin D levels and insulin resistance index,
which was consistent with the results reported by Danting Li et al. [28], Yun Gao et al. [29],
and Mahtab, Niroomand et al. [30]. However, several studies have found contradictory
conclusions, such as the results of Pilz S. et al. [31] and Heshmat et al. [32]. There are many
reasons for the inconsistent results. For example, due to differences in research samples,
the analysis results are inconsistent, including differences in sample size, population, and
region. In addition, the cut-off value of the insulin resistance index in this data analysis is
mainly 2.00 [27]. Regarding the cut-off value of HOMA-IR, many reference range divisions
have been reported. For example, Chieh-An Lin et al. set different cut-off values according
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to different ages [33]. Some studies have divided the cutoff value of HOMA-IR according
to the disease status, such as whether there is fatty liver [34]. In addition, C H Lee et al.
used a prospective study to determine the optimal cutoff for HOMA-IR [35]. In our anal-
ysis, we mainly used the cut-off values commonly used in clinical diagnostic criteria for
grouping [26]. The included participants were divided into two groups with or without
insulin resistance for analysis.

Subgroup analyses showed that the relationship between Vitamin D and insulin
resistance varied across age (p = 0.016), education status (p = 0.034), and diabetes (p = 0.020).
The results showed that Vitamin D is a protective factor for insulin resistance at different
ages. The younger the age, the stronger the protective effect of Vitamin D on insulin
resistance; its protective effect will weaken with increasing age. This is consistent with the
findings of G Paolisso et al. [36]. The possible reasons are as follows: among young people,
the body’s immune system and metabolic mechanisms are active, and insulin sensitivity is
higher than that of the aging population [37]. In contrast, for older people, aging increases
the risk of diabetes, whereas diabetes is linked with insulin resistance [38,39]. Our data
demonstrated that Vitamin D was a protective factor for insulin resistance in different
education status. The higher the cultural level, the stronger the protective effect of Vitamin
D on insulin resistance. This is consistent with the findings of Marilyn Tseng et al. [40].
The higher the educational level, the more comprehensive the knowledge received, the
greater the concern about one’s own health. Greater awareness of physical examination
and medical treatment led to timely detection of physical conditions, and a reduction in
the incidence of some common diseases such as diabetes. In addition, insulin resistance
is a major factor in the development of diabetes. Most people with type 2 diabetes have
insulin resistance [41]. This is consistent with the results of our analysis. The protective
effect of vitamin D on insulin resistance was stronger in participants without diabetes. In
Figure 2, we can also see that dietary nutrient intake also has an effect on the relationship
between vitamin D and insulin resistance, although the interaction between the two is not
significant. Increased intake of carbohydrates, dietary fiber and calcium, and decreased
intake of fat may reduce insulin resistance; this is consistent with the results of Emilia
Papakonstantinou et al. [42] and Hana Kahleova o et al. [43].

The effect of vitamin D on insulin sensitivity has been demonstrated in vitro, in vivo
(cellular and animal), and in the human population [20,44–46]. Our results have demon-
strated that participants who have higher Vitamin D levels are associated with a lower risk
of insulin resistance. Our results support the findings of previous studies [47–49]. Phyllis A
Nsiah-Kumi et al. suggested that a high oral dose of Vitamin D3 improves insulin sensitiv-
ity in subjects with impaired fasting glucose [19]. Nsiah-Kumi et al. surveyed 198 American
adolescents and found that Vitamin D was inversely associated with HOMA-IR [50]. Col-
lectively, these results suggest that increasing the supplement of Vitamin D could reduce
the occurrence of insulin resistance, thereby reducing the incidence of diabetes.

In recent years, many studies have reported on the mechanism between insulin re-
sistance and Vitamin D. Sha Tao et al. showed that Vitamin D deficiency causes insulin
resistance by causing oxidative stress in hepatocytes [51]. In addition, there is evidence
that Vitamin D receptors are expressed by pancreatic β cells; therefore, vitamin D is re-
quired for normal insulin secretion [51,52]. Beyond that, Vitamin D can stimulate insulin
receptor expression on target tissues through its interaction with skeletal muscle VDRs
(Vitamin D receptors), resulting in increased insulin sensitivity [51]. There is also evidence
that Vitamin D may be associated with obesity and muscle mass. Vitamin D reduces
obesity, thereby indirectly increasing insulin sensitivity by improving muscle mass [44,53].
Finally, Vitamin D and calcium can play a role in the secretion of insulin by pancreatic
cells. Vitamin D deficiency leads to an increase in PTH (parathyroid hormone) secretion,
resulting in a continuous increase in intracellular calcium levels, which can lead to insulin
resistance [54–56].

Moreover, our research also showed that female, younger, more educated, BMI < 25,
non-smoking, and non-drinking participants had more Vitamin D levels and were less
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likely to develop insulin resistance. The results of a double-blind randomized clinical
trial by Mahtab Niroomand et al. suggest that high-dose Vitamin D improves insulin
sensitivity [30]. A review by Anastassios G Pittas. et al. showed that the results of many
trials are consistent with substantial evidence from observational studies for a protective
role of Vitamin D in modulating diabetes risk [7].

In summary, our study analyzed the association between Vitamin D levels and insulin
resistance risk from the perspective of Vitamin D’s three critical metabolites, serum 25OHD2,
25OHD3, and epi-25OHD3. Obviously, there are significant negative correlations between
insulin resistance and serum 25OHD2, 25OHD3, and epi-25OHD3. Our study also found
vitamin insufficiency—in particular, 25ODH3 insufficiency—was highly common in some
populations, including Chicanos, and this needs further preventative attention. Although
the correlation was reduced after adjusting for confounding factors, both are statistically
significant. However, this study also has certain shortcomings, such as the influence of
dietary intake not being considered when the variables were included in the analysis. In
addition, this study is a cross-sectional study; only correlations can be obtained, and there
is no obvious causal relationship. Because the research method used in this study is a
cross-sectional study, if we want to understand the relationship between insulin resistance
and vitamin D, we may need to use cohort studies or conduct animal experiments. Another
reason is that this study is based on NHANES population data over 2011–2016, which is
not supported by the updated data.

5. Conclusions

In conclusion, this population-based cross-sectional study demonstrates that vitamin
D (total 25-hydroxyvitamin D, 25-hydroxyvitamin D3, and 3-epi-25-hydroxyvitamin D3) is
inversely associated with insulin resistance. This suggests that interventions on improving
25ODH, 25ODH3, and epi-25ODH levels may improve insulin resistance. However, clinical
trials such as a RCT (random control trial) and a cohort study with a large population are
needed for further evaluation and to confirm the association.
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