
1

Vol.:(0123456789)

Scientific Reports |          (2022) 12:119  | https://doi.org/10.1038/s41598-021-04109-7

www.nature.com/scientificreports

Association between vitamin D3 
levels and insulin resistance: a large 
sample cross‑sectional study
Zixin Xu1,9, Rongpeng Gong2,9, Gang Luo3,9, Mingxiang Wang2,9, Da Li4, Yue Chen5, 
Xiaofang Shen6, Xiaoxing Wei2,3, Niran Feng7 & Shuangquan Wang1,8*

Previous studies have shown that vitamin D3 may be a potential factor in insulin resistance, but the 
relationship between vitamin D3 and insulin resistance still remains controversial. At present, more 
research is needed to explore the relationship between vitamin D3 and insulin resistance. The samples 
from 2009 to 2018 in NHANES database were analyzed to Investigate the relationship and the 
potential mechanism. We performed a cross‑sectional study of five periods in the NHANES database. 
Finally, 9298 participants were selected through strict inclusion and exclusion criteria, Multivariate 
logistic regression analysis and curve fitting were conducted to explore the relationship between 
vitamin D3 level and insulin resistance. Moreover, subgroup analysis was used to further prove the 
association. The results revealed that there was a strong association between vitamin D3 and insulin 
resistance (OR 0.82, 95% CI 0.72–0.93). However, subgroup analyses indicated that this correlation 
varied between individuals and races. There was a negative correlation between vitamin D3 level 
and insulin resistance, which provides a new proof for exploring the influencing factors of insulin 
resistance. More well‑designed studies are still needed to further elaborate on these associations.

Abbreviations
BMI  Body mass index
FBG  Fasting blood-glucose
VitD3  Vitamin D3
Hb-A1c  Glycosylated hemoglobin;
TC  Total cholesterol
ALT  Alanine aminotransferase
BUN  Blood urea nitrogen
W.C  Waist
TG  Triglyceride
CI  Confidence interval
OR  Odds ratio
HUA  Hyperuricemia

Insulin resistance is a systemic metabolic disorder characterized by decreased insulin  sensitivity1, which then pro-
gresses to a decrease in insulin  action2. Insulin resistance is the basis of type 2  diabetes1,3 .Recently, the prevalence 
of diabetes has risen rapidly  worldwide4, and type 2 diabetes is the most common type of diabetes, accounting 
for about 90% of all diabetic  patients5. It was estimated that the number of patients with type 2 diabetes would 
reach up to 439 million by  20306. Exploring the protective factors and risk factors of insulin resistance would help 
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to take effective measures to prevent and reverse insulin resistance before type 2  diabetes7, and then to achieve 
the goal of controlling the incidence of type 2 diabetes.

Vitamin D3, which was also known as cholecalciferol, can be metabolized to produce 25-hydroxyvitamin 
 D38. Vitamin D3 can be supplemented through sunlight and food  intake9. Vitamin D3 acted as a vital substance 
in human body, many diseases, such as type 2  diabetes11,  cancer12, autoimmune  diseases13,14,  proteinuria15, 
 hypertension16 would occur when vitamin D3 levels were below  normal10. Previous studies have demonstrated 
that vitamin D3 might be a potential factor of insulin  resistance17, while the research on the association between 
vitamin D3 and insulin resistance still remains controversial. Wallace et al. have conducted a double-blind, ran-
domized, placebo-controlled experiment in 2019. The results revealed that vitamin D3 supplementation had no 
effect on insulin in pre-diabetes  population18. However, a randomized, double-blind clinical trial with a sample 
size of 162 people in 2018 by Niroomand et al. showed that for patients with pre-diabetes and vitamin D3 defi-
ciency, high-dose vitamin D3 supplementation can improve insulin sensitivity and reduce the risk of developing 
 diabetes19. Considering the problems of small sample size and inconsistent results of the published articles, it is 
essential to perform an analysis to reassess the effect of vitamin D3 level on insulin resistance.

Methods
Database. All data in this study were obtained from the National Health and Nutrition Examination Survey 
(NHANES) database, which was a cross-sectional survey in the United States. The NHANES database contains 
demographic data, socio-economic data, dietary data and laboratory data and other data related to family health 
and nutrition. The Research Ethics Review Committee of the National Center for Health Statistics (NCHS) 
approved the NHANES project, and the data in NHANES were collected by professional investigators of NCHS. 
No application is required to use the database and it is available to any researcher who meets the requirements 
for use. All patient information in the database is anonymous, and all participants are aware of and consent to 
the data collection activities.

Study population. The data of NHANES database from 2009 to 2018 was selected. A total of 49,694 partici-
pants took the survey over the 10-year period. The inclusion and exclusion criteria were as follows (1) Determi-
nation of insulin and fasting blood glucose. (2) Determination of biochemical indexes such as vitamin D3, BUN 
and ALB (Fig. 1). Finally, a total of 9298 people were included in the study.

Data collection. The data were obtained from the NHANES database on official website. We downloaded 
the demographic data, biochemical examination data, anthropometric data and health questionnaire data 

Figure 1.  Flowchart of patient selection.
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through the official website. These included sex, age, race, income, Vitamin D3, insulin, fasting blood glucose, 
glycosylated hemoglobin, albumin (ALB), Aspartate aminotransferase (AST), Blood urea nitrogen (BUN), 
height, weight, waist circumference, blood pressure, smoking, drinking and other data. Height and body mass 
index (BMI) was calculated from the height and weight data with the formula: BMI = weight (kg)/height squared 
 (m2)20. Blood pressure data were measured several times and averaged.

Statistical analysis. NHANES adopts complex and multi-stage probabilistic sampling design to select 
5000 participants from different regions of American, which makes the data extensive and representative. Sta-
tistical analysis was carried out with R statistical software (R4.0.2), and the missing data was filled by multiple 
interpolation. In order to ensure the robustness of the analysis results, we performed sensitivity analyses on the 
interpolated data which showed that there was no obvious difference existed. Continuous variables are repre-
sented by detailed sample descriptions, and the average confidence interval is 95%. Classification variables are 
expressed in counts and weighted percentages. Normal distribution is described by median and standard devia-
tion. Median and Q1–Q3 are used for skewness distribution.

We have developed four multivariate Logistic regression models. Model 1 was without adjusting any covari-
ates; Model 2, adjusted for age, gender and race. Model 3 added smoking, drinking, income and education level as 
covariates as covariates to model 2; In model 4 added High-density lipoprotein (HDL), Urine creatinine (UCR), 
ALB, Waist, Alanine aminotransferase (ALT), AST, BUN, Total cholesterol (TC), γ-glutamyl transpeptidase 
(GGT), Lactate dehydrogenase (LDH), Total bilirubin (TBIL) and Uric acid (UA) to model 3. We also made a 
smooth fitting curve to explore the relationship between vitamin D3 level and insulin resistance. P value less than 
0.05 (bilateral) is considered to have statistical significance. Construct subgroup analysis to further test the results.

Covariant selection. In this study, based on the previous literature reports and clinical experience, we 
introduced the following covariates: age, sex, race, income, education, waist, UCR, ALB, ALT, AST, BUN, TC, 
GGT, LDH, TBIL, UA, smoking, drinking, blood pressure.

Evaluation criterion. Insulin resistance. The measured fasting blood glucose value is multiplied by the 
insulin value and divided by 22.5, and the result value is recorded as HOMA-IR21, and those with HOMA-IR 
value greater than or equal to three-quarters digits are patients with insulin  resistance22.

Hypertension. The average value of three blood pressure measurements was calculated, and the mean blood 
pressure was used to assess whether the participants are hypertensive. The diagnostic criteria of hypertension are 
systolic pressure ≥ 140 mmHg and/or diastolic pressure ≥ 90  mmHg23.

Drinking. We examined the classification of alcohol consumption in previous studies, which was finally divided 
into two levels. An alcoholic is defined as a person who drinks more than 12 drinks per  year24,25.

Smoking. In this study, we divided smoking into two levels. Smoker refers to those who smokes more than 100 
cigarettes in his whole life and still  smokes26.

Ethics approval and consent to participate. All participants provided written informed consent, and 
the study was approved by the NCHS Research Ethics Review Board (https:// wwwn. cdc. gov/ nchs/ nhanes/ defau 
lt. aspx). The study was conducted in accordance with all relevant regulations and informed consent was obtained 
from all subjects and/or their legal guardians.

Result
Characteristics of study population. In this study, 49,696 participants were obtained from the NHANES 
database. After excluding 34,658 participants with insulin and fasting glucose deficiency data and 5738 partici-
pants with vitamin D3 deficiency data, a total of 2325 insulin-resistant patients and 6973 non-insulin-resistant 
patients were enrolled (Fig. 1). The average age of insulin-resistant patients (45.9 20.3) was slightly higher than 
those without insulin resistance (42.3 20.7). Among the people suffering from insulin resistance, 50.9% (1184 
people) were male, 49.1% (1141 people) were female. 53% (1233) of insulin resistant people were drinkers, and 
47% (1092) were non-drinkers. It was observed that BMI, WAIST, ALT, AST, GGT, LDH, UCR, UA levels of 
insulin resisters were higher than those of non-insulin resisters, while HDL, TBIL, ALB, VitD3 levels were lower 
than those of non-insulin resisters, but there was no significant difference in TC levels between the two groups 
(Table 1).

Single factor analysis. Univariate logistic regression was performed to analyze the relationship between 
the occurrence of insulin resistance and hypercholesterolemia by gender, age, race, education level, income level, 
hypertension, VitD3, WAIST, ALT, AST, HDL and BUN. We found that women were less likely to develop insu-
lin resistance than men, with an OR of 0.9 (95% CI 0.81–0.98). The probability of insulin resistance in people 
with higher education level is lower than that with lower education level, and the confidence interval between 
OR value and 95% CI is 0.74 (0.68, 0.81). Smokers, non-drinkers, people with hypertension and hypercholester-
olemia are more likely to develop insulin resistance. The levels of LDH and VitD3 were negatively correlated with 
the occurrence of insulin resistance, while the values of ALT, AST, GGT, BUN and UA were positively correlated 
with the occurrence of insulin resistance (Table 2).

https://wwwn.cdc.gov/nchs/nhanes/default.aspx
https://wwwn.cdc.gov/nchs/nhanes/default.aspx
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Multivariate analysis. In this study, we constructed four models to analyze the relationship between VitD3 
and insulin resistance. Model 1 was without adjusting any covariates; Model 2, adjusted for age, gender and race. 
Model 3 added smoking, drinking, income and education level as covariates as covariates to model 2; In model 4 
added HDL, UCR, ALB, waist, ALT, AST, BUN, TC, GGT, LDH, TBIL and UA to model 3. The effect value based 
on the model can be interpreted as a corresponding percentage reduction in the risk of insulin resistance when 
vitamin D3 is increased by one unit. For example, in the unadjusted model, the OR value is 0.52 (0.47, 0.57), 
which means that the risk of insulin resistance is reduced by 48% for every additional unit of vitamin D3. In the 
model (Model 2) adjusted only for the socio-demographic data, the risk of insulin resistance decreased by 52% 
[0.48 (0.43, 0.54)] for each additional unit of VitD3. In the further adjusted model (Model 3), the risk of insulin 
resistance is reduced by 50% [0.50 (0.45, 0.56)] for each additional unit of VitD3. In the fully adjusted model 
(model 4), the risk of insulin resistance decreased by 18% [0.82 (0.72, 0.93)] for each additional unit of VitD3. 
For sensitivity analysis, we transform VitD3 from continuous variable to classified variable. The p value of VitD3 
trend in model 4 is consistent with the result when VitD3 is a continuous variable. In addition, we also found 
that the effects of different VitD3 groups showed an equidistant trend (Table 3).

Table 1.  Baseline characteristics of the study participants. BMI body mass index, HDL high density 
lipoproteinm, TBIL total bilirubin, ALB albumin, ALT alanine aminotransferase, AST aspartate 
aminotransferase, BUN blood urea nitrogen, TC total cholesterol, GGT  γ-glutamyl transpeptidase, Vit D3 
vitamin D3, LDH lactate dehydrogenase, UCR  urine creatinine, UA uric acid.

Variables Total (n = 9298) Non-insulin resistance (n = 6973) Insulin resistance (n = 2325) P-value

Sex, n (%) 0.022

Male 4542 (48.8) 3358 (48.2) 1184 (50.9)

Female 4756 (51.2) 3615 (51.8) 1141 (49.1)

Age, mean ± SD 43.2 ± 20.6 42.3 ± 20.7 45.9 ± 20.3 < 0.001

Race, n (%) < 0.001

Mexican American 1511 (16.3) 1053 (15.1) 458 (19.7)

Other Hispanic 956 (10.3) 713 (10.2) 243 (10.5)

Non-Hispanic White 3824 (41.1) 2936 (42.1) 888 (38.2)

Non-Hispanic Black 1876 (20.2) 1345 (19.3) 531 (22.8)

Other Race—including Multi-
Racial 1131 (12.2) 926 (13.3) 205 (8.8)

Education, n (%) < 0.001

Non-received higher education 4415 (47.5) 3181 (45.6) 1234 (53.1)

Received higher education 4883 (52.5) 3792 (54.4) 1091 (46.9)

Income, n (%) < 0.001

Earning less than $1000,000 7836 (84.3) 5740 (82.3) 2096 (90.2)

Earning more than or equal to 
$1000,000 1462 (15.7) 1233 (17.7) 229 (9.8)

Smoking, n (%) < 0.001

No 5952 (64.0) 4560 (65.4) 1392 (59.9)

Yes 3346 (36.0) 2413 (34.6) 933 (40.1)

Alcohol use, n (%) 0.026

NO 4180 (45.0) 3088 (44.3) 1092 (47)

YES 5118 (55.0) 3885 (55.7) 1233 (53)

BMI, mean ± SD 28.1 ± 7.1 26.2 ± 5.7 33.7 ± 7.8 < 0.001

Waist, mean ± SD 96.0 ± 17.5 91.2 ± 14.7 110.3 ± 17.5 < 0.001

HDL, median (IQR) 1.4 (1.2, 1.7) 1.4 (1.2, 1.8) 1.2 (1.0, 1.5) < 0.001

TBIL, median (IQR) 12.0 (8.6, 15.4) 12.0 (10.3, 15.4) 10.3 (8.6, 13.7) < 0.001

ALB, median (IQR) 43.0 (41.0, 45.0) 43.0 (41.0, 45.0) 42.0 (40.0, 44.0) < 0.001

ALT, median (IQR) 20.0 (15.0, 27.0) 19.0 (15.0, 25.0) 24.0 (18.0, 34.0) < 0.001

AST, median (IQR) 22.0 (19.0, 27.0) 22.0 (19.0, 26.0) 24.0 (20.0, 29.0) < 0.001

BUN, median (IQR) 4.3 (3.2, 5.4) 4.3 (3.2, 5.4) 4.3 (3.2, 5.4) 0.004

TC, median (IQR) 4.7 (4.0, 5.5) 4.7 (4.0, 5.4) 4.7 (4.1, 5.5) 0.243

GGT, median (IQR) 18.0 (13.0, 27.0) 16.0 (12.0, 24.0) 23.0 (16.0, 37.0) < 0.001

Vit D3, median (IQR) 57.2 (41.0, 74.5) 59.2 (42.9, 76.4) 51.0 (36.0, 67.8) < 0.001

LDH, median (IQR) 125.0 (111.0, 143.0) 124.0 (110.0, 142.0) 129.0 (114.0, 147.0) < 0.001

UCR, median (IQR) 180.0 (92.0, 6630.0) 173.0 (86.0, 6100.0) 205.0 (106.0, 8663.0) < 0.001

UA, median (IQR) 315.2 (261.7, 374.7) 303.3 (255.8, 362.8) 350.9 (291.5, 410.4) < 0.001
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Smooth curve fitting. Besides, we analyzed the linear relationship between vitamin D3 and the occurrence 
of insulin resistance (Fig. 2). The results of smooth curve and logistic regression showed that after adjusting for 
gender, age, race, education level, income, HDL, UCR, ALB, waist circumference, ALT, AST, BUN, TC, GGT, 
smoking, drinking, LDH, TBIL, UA, there was a linear relationship between vitamin D3 and insulin resistance (P 
for non-linearity = 0.01) There is a negative correlation between vitamin D3 level and insulin resistance (Fig. 2).

Table 2.  Univariate analysis for insulin resistance. BMI body mass index, HDL high density lipoprotein, TBIL 
total bilirubin, ALB albumin, ALT alanine aminotransferase, AST aspartate aminotransferase, BUN blood urea 
nitrogen, TC total cholesterol, GGT  γ-glutamyl transpeptidase, Vit D3 vitamin D3, LDH lactate dehydrogenase, 
UCR  urine creatinine, UA uric acid.

Variables OR (95% CI) P-value

Gender

Male 1

Female 0.9 (0.81–0.98) 0.021

Age 1.01 (1.01–1.01) < 0.001

Race, n (%)

Mexican American 1

Other Hispanic 0.78 (0.65–0.94) 0.009

Non-Hispanic White 0.7 (0.61–0.79) < 0.001

Non-Hispanic Black 0.91 (0.78–1.05) 0.202

Other race—including multi-racial 0.51 (0.42–0.61) < 0.001

Education, n (%)

Non-received higher education 1

Received higher education 0.74 (0.68–0.81) < 0.001

Income, n (%)

Earning less than $1000,000 1

Earning more than or equal to $1000,000 0.51 (0.44–0.59) < 0.001

Waist 1.08 (1.07–1.08) < 0.001

Alcohol use

No 1

Yes 0.9 (0.82–0.99) 0.024

Smoking, n (%)

No 1

Yes 1.27 (1.15–1.39) < 0.001

HDL 0.22 (0.19–0.25) < 0.001

ALT 1.02 (1.02–1.03) < 0.001

AST 1.01 (1–1.01) < 0.001

GGT 1.01 (1.01–1.01) < 0.001

BUN 1.04 (1.02–1.07) < 0.001

UA 1.01 (1.01–1.01) < 0.001

Vit D3 log 0.52 (0.47–0.57) < 0.001

Hypertension

No 1

Yes 2.31 (2.1–2.54) < 0.001

Hypercholesterolemia

No 1

Yes 1.6 (1.46–1.76) < 0.001

Table 3.  The association between Vit D3 and insulin resistance in a multiple regression model. Model 1: No 
adjustments have been made; Model 2: Adjustments were made for gender, age and race; Model 3: Adjusted for 
model 2, smoking, alcohol consumption, income, and education level were added; Model: HDL, UCR, ALB, 
WAIST, ALT, AST, BUN, TC, GGT, UA, TBIL, LDH were added on the basis of model 3.

Outcome

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

vitamind3 0.52 (0.47–0.57) < 0.001 0.48 (0.43–0.54) < 0.001 0.50 (0.45–0.56) < 0.001 0.82 (0.72–0.93) 0.003
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Subgroup analysis. In order to better explain this result, we conducted subgroup analysis and interaction 
test. According to whether the age is less than 65 years old or not, it can be divided into two parts: less than 
65 years old and greater than or equal to 65 years  old27,28. According to WHO standards, BMI is divided into four 
parts: < 18.5 kg/m2, 18.5 ~ 24.9 kg/m2, 25.0 ~ 29.9 kg/m2 and ≥ 30.0 kg/m229,30. According to age, sex, race, BMI, 
hypertension and hypercholesterolemia, this study verified whether the relationship between VitD3 level and 
insulin resistance was still applicable in each subgroup. The results showed that there was no obvious interac-
tion between VitD3 level and insulin resistance in hypercholesterolemic and non-hypercholesterolemic people 
and in different age, BMI and gender groups. There is an interaction between VitD3 level and insulin resistance 
in hypertensive and non-hypertensive people, drinking and non-drinking people and different ethnic groups. 
We found that vitamin D3 has a stronger correlation with insulin resistance in non-hypertensive people than in 
hypertensive people. Compared with non-drinkers, the correlation between vitamin D3 and insulin resistance 
in drinkers is stronger. This suggests that we should maintain a higher level of vitamin D3 in hypertension and 
non-drinkers in order to prevent insulin resistance. Vitamin D3 is a protective factor of insulin resistance in 
Mexican–American, Non-Hispanic-White and other race-including multi-racial, and its effect value and 95% 
confidence interval are 0.54 (0.37–0.77), 0.86 (0.69–1.07) and 0.57 (0.38–0.86), respectively Vitamin D3 is a risk 
factor for insulin resistance in Other-Hispanic and Non-Hispanic-Black. (Fig. 3).

Discussion
Cross-sectional study is considered as a critical tool to assess the effects of treatment or risk factors for disease. 
Therefore, we conducted this research which identified a 0.82-fold decrease in the risk of developing insulin 
resistance in patients who take vitamin D3 for each additional unit of vitamin intake (OR 0.82, 95% CI 0.72–0.93) 
in fully adjusted model (model 4). This might indicate that vitamin D3 is a protective factor in the occurrence of 
insulin resistance. This may be because vitamin D3 can effectively inhibit the occurrence of  inflammation31,32, and 
inflammation is the main factor inducing insulin resistance. Vitamin D3 can inhibit the occurrence of inflam-
matory reaction by up-regulating MAP kinase, regulating NF-kB signaling pathway, regulating cytokine level 
and prostaglandin  pathway33,34, and then achieve the purpose of reducing insulin resistance.

Figure 2.  Association between Vitamin D3 and insulin resistance.
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Univariate Logistic analysis showed that the incidence of insulin resistance in drinkers was lower than that in 
non-drinkers. The results of subgroup analysis also confirm this point. Studies have shown that moderate drink-
ing can reduce the risk of insulin  resistance35,36. Studies have shown that glutathione is involved in the synthesis 
of liver insulin sensitizers, and drinking alcohol can increase the level of glutathione in liver, so drinking alcohol 

Figure 3.  Subgroup analysis.
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can improve insulin sensitivity and reduce the risk of insulin  resistance37,38. Studies have shown that there is a 
correlation between proper drinking and lower risk of type 2  diabetes39, which is consistent with our results. 
It is important to emphasize that excessive alcohol consumption can lead to obesity, which is closely related to 
insulin  resistance40,41. And alcohol itself is also easy to cause a variety of diseases, and everyone’s tolerance to 
alcohol is different. Therefore, it is difficult to set a standard of alcohol consumption that is suitable for most 
people to prevent insulin resistance without affecting other health indicators. It is important to note that mod-
erate alcohol consumption is not the best way to prevent insulin resistance, although studies have shown that 
moderate alcohol consumption is beneficial to prevent insulin resistance. Notably, one RCT study showed that 
caloric restriction was beneficial for weight loss on both high- and low-glycemic diets. A healthy diet seems to 
be a more appropriate way to prevent insulin  resistance42.

Subgroup analysis showed that the relationship between vitamin D3 and insulin resistance was different 
among different races (P = 0.008). Vitamin D3 is the protective factor of insulin resistance in Mexican–Ameri-
can, Non-Hispanic-White and other race-including multi-racial, while vitamin D3 is the risk factor of insulin 
resistance in Other-Hispanic and Non-Hispanic-Black (Fig. 3). This shows that the relationship between vita-
min D3 level and insulin resistance is different among different races. Previous studies have shown that the 
insulin sensitivity of different ethnic groups is  different43. Studies have shown that the way of synthesizing D3 
by ultraviolet rays in dark-skinned individuals is  inhibited44,45. This may be due to excessive melanin blocking 
ultraviolet rays and affecting the production of vitamin D3. At the same time, different races have different levels 
of vitamin D3, and the content of vitamin D3 in blacks is obviously lower than that in  whites46. At the same time, 
the relationship between vitamin D3 and insulin resistance is also different between hypertensive patients and 
non-hypertensive people (P = 0.001). We found that vitamin D3 has a stronger correlation with insulin resist-
ance in the non-hypertensive population than in the hypertensive population (Fig. 3). This may indicate that 
hypertension can weaken the relationship between vitamin D3 and insulin resistance. Previous studies have 
shown that hypertension can cause insulin resistance by changing the way of delivering insulin and glucose to 
skeletal muscle  cells47 and vitamin D3 deficiency can increase the risk of  hypertension16,48. We speculate that 
the decrease of vitamin D3 level will increase the risk of hypertension and insulin resistance, and the occur-
rence of hypertension will further promote the occurrence of insulin resistance. This suggests that people with 
hypertension need to maintain a higher level of vitamin D3 to prevent insulin resistance. This conclusion needs 
more experimental and clinical studies to verify and clarify its mechanism.

In previous studies, we found a slightly weaker correlation between vitamin D3 levels and diabetes in the 
hyperuricemic population than in the non-hyperuricemic population. This proves that vitamin D3 plays a cer-
tain role in the pathogenesis of diabetes, and this role also applies to hyperuricemia. In this study, we found that 
vitamin D3 is related to insulin resistance, which further confirmed the role of vitamin D3 in the pathogenesis 
of  diabetes4.

Currently, studies have found a linear relationship between vitamin D3 and insulin resistance. Therefore, 
within a certain range, maintaining higher vitamin D3 level is essential to prevent insulin resistance, and this 
result is a guideline for clinical practice. However, more cohort studies are needed to validate this conclusion.

Several limitations of this study should be mentioned. (1) The time span of this study is long and there are 
differences in the way insulin resistance is judged. However, our current method allows for a much larger number 
of samples to be included, and the detection method is very clear. Considering that all samples are detected by 
professional testing facilities, It is considered that this effect can be ignored. (2) It is acknowledged that there 
are some bias inevitably existed in cross sectional study. We will conducted the cohort study in the future when 
conditions permit. (3) The population observed in this study is American, and special populations such as 
pregnant women and cancer patients are not included. Due to the limited sample, we cannot analyze the special 
population and more other races. Therefore, whether this result is applicable to special people and people from 
other countries needs further study. We will collect such samples for analysis in future studies to make up for 
the shortcomings of this study.

Despite these limitations, our research had some notable advantages. (1) The amount of data used in this study 
is large and generalized. (2) The NHANES database is an internationally recognized high-quality database with 
comprehensive and reliable data that greatly enriches research data. (3) In this study, a more advanced multiple 
interpolation method was applied to deal with the missing data, and the sensitivity of the interpolated data was 
analyzed. The results show that there is little difference between the interpolated data and the original data, which 
makes our results more convincing.

Conclusion
In conclusion, the results of this cross-sectional study based on the data of five cycles (2009–2018) in American 
NHANE database demonstrated that there is a correlation between vitamin D3 level and insulin resistance. 
However, more studies are urgely needed to investigate whether this conclusion is still applicable to special 
populations. This study provides a new way to explore the influencing factors of insulin resistance. In the future, 
more factors related to the occurrence of insulin resistance would be found in different populations, which 
would provide more accurate and effective prevention and treatment programs to prevent insulin resistance 
and type 2 diabetes.

Received: 13 August 2021; Accepted: 1 December 2021



9

Vol.:(0123456789)

Scientific Reports |          (2022) 12:119  | https://doi.org/10.1038/s41598-021-04109-7

www.nature.com/scientificreports/

References
 1. Yaribeygi, H., Farrokhi, F. R., Butler, A. E. & Sahebkar, A. Insulin resistance: Review of the underlying molecular mechanisms. J. 

Cell. Physiol. 234(6), 8152–8161. https:// doi. org/ 10. 1002/ jcp. 27603 (2019).
 2. Artunc, F. et al. The impact of insulin resistance on the kidney and vasculature. Nat. Rev. Nephrol. 12(12), 721–737. https:// doi. 

org/ 10. 1038/ nrneph. 2016. 145 (2016).
 3. Sampath Kumar, A. et al. Exercise and insulin resistance in type 2 diabetes mellitus: A systematic review and meta-analysis. Ann. 

Phys. Rehabil. Med. 62(2), 98–103. https:// doi. org/ 10. 1016/j. rehab. 2018. 11. 001 (2019).
 4. Gong, R., Xu, Z. & Wei, X. The association between vitamin D3 and diabetes in both hyperuricemia and non-hyperuricemia 

populations. Endocrine https:// doi. org/ 10. 1007/ s12020- 021- 02778-y (2021).
 5. Neuenschwander, M. et al. Role of diet in type 2 diabetes incidence: Umbrella review of meta-analyses of prospective observational 

studies. BMJ (Clin. Res. Ed.) 366, l2368. https:// doi. org/ 10. 1136/ bmj. l2368 (2019).
 6. Wu, Y., Ding, Y., Tanaka, Y. & Zhang, W. Risk factors contributing to type 2 diabetes and recent advances in the treatment and 

prevention. Int. J. Med. Sci. 11(11), 1185–1200. https:// doi. org/ 10. 7150/ ijms. 10001 (2014).
 7. Onyango, A. N. Cellular stresses and stress responses in the pathogenesis of insulin resistance. Oxid. Med. Cell. Longev. 2018, 

4321714. https:// doi. org/ 10. 1155/ 2018/ 43217 14 (2018).
 8. Guo, J., Lovegrove, J. A. & Givens, D. I. 25(OH)D3-enriched or fortified foods are more efficient at tackling inadequate vitamin D 

status than vitamin D3. Proc. Nutr. Soc. 77(3), 282–291. https:// doi. org/ 10. 1017/ S0029 66511 70040 62 (2018).
 9. Kennel, K. A., Drake, M. T. & Hurley, D. L. Vitamin D deficiency in adults: When to test and how to treat. Mayo Clin. Proc. 85(8), 

752–758. https:// doi. org/ 10. 4065/ mcp. 2010. 0138 (2010).
 10. Sui, A. et al. Histone demethylase KDM6B regulates 1,25-dihydroxyvitamin D3-induced senescence in glioma cells. J. Cell. Physiol. 

234(10), 17990–17998. https:// doi. org/ 10. 1002/ jcp. 28431 (2019).
 11. Holick, M. F. The vitamin D deficiency pandemic: Approaches for diagnosis, treatment and prevention. Rev. Endocr. Metab. Disord. 

18(2), 153–165. https:// doi. org/ 10. 1007/ s11154- 017- 9424-1 (2017).
 12. Sawarkar, S. & Ashtekar, A. Transdermal vitamin D supplementation-A potential vitamin D deficiency treatment. J. Cosmet. 

Dermatol. 19(1), 28–32. https:// doi. org/ 10. 1111/ jocd. 13085 (2020).
 13. Wang, G. et al. Maternal vitamin D supplementation inhibits bisphenol A-induced proliferation of Th17 cells in adult offspring. 

Food Chem. Toxicol. Int. J. Publ. Br. Ind. Biol. Res. Assoc. 144, 111604. https:// doi. org/ 10. 1016/j. fct. 2020. 111604 (2020).
 14. Harvey, L., Burne, T. H., McGrath, J. J. & Eyles, D. W. Developmental vitamin D3 deficiency induces alterations in immune organ 

morphology and function in adult offspring. J. Steroid Biochem. Mol. Biol. 121(1–2), 239–242. https:// doi. org/ 10. 1016/j. jsbmb. 
2010. 03. 050 (2010).

 15. Sonneveld, R. et al. 1,25-Vitamin D3 deficiency induces albuminuria. Am. J. Pathol. 186(4), 794–804. https:// doi. org/ 10. 1016/j. 
ajpath. 2015. 11. 015 (2016).

 16. Machado, C. et al. Vitamin D3 deficiency increases DNA damage and the oxidative burst of neutrophils in a hypertensive rat 
model. Mutat. Res. Genet. Toxicol. Environ. Mutagen. 798–799, 19–26. https:// doi. org/ 10. 1016/j. mrgen tox. 2016. 01. 005 (2016).

 17. Aludwan, M. et al. Vitamin D3 deficiency is associated with more severe insulin resistance and metformin use in patients with 
type 2 diabetes. Minerva Endocrinol. 45(3), 172–180. https:// doi. org/ 10. 23736/ S0391- 1977. 20. 03161-2 (2020).

 18. Wallace, H. J. et al. Effect of vitamin D3 supplementation on insulin resistance and β-cell function in prediabetes: A double-blind, 
randomized, placebo-controlled trial. Am. J. Clin. Nutr. 110(5), 1138–1147. https:// doi. org/ 10. 1093/ ajcn/ nqz171 (2019).

 19. Niroomand, M., Fotouhi, A., Irannejad, N. & Hosseinpanah, F. Does high-dose vitamin D supplementation impact insulin resist-
ance and risk of development of diabetes in patients with pre-diabetes? A double-blind randomized clinical trial. Diabetes Res. 
Clin. Pract. 148, 1–9. https:// doi. org/ 10. 1016/j. diabr es. 2018. 12. 008 (2019).

 20. Cederholm, T. et al. Diagnostic criteria for malnutrition—An ESPEN Consensus Statement. Clin. Nutr. (Edinburgh, Scotland) 
34(3), 335–340. https:// doi. org/ 10. 1016/j. clnu. 2015. 03. 001 (2015).

 21. Carrillo-Larco, R. M. et al. The HOMA-IR performance to identify new diabetes cases by degree of urbanization and altitude in 
Peru: The CRONICAS Cohort Study. J. Diabetes Res. 2018, 7434918. https:// doi. org/ 10. 1155/ 2018/ 74349 18 (2018).

 22. Shashaj, B. et al. Reference ranges of HOMA-IR in normal-weight and obese young Caucasians. Acta Diabetol. 53(2), 251–260. 
https:// doi. org/ 10. 1007/ s00592- 015- 0782-4 (2016).

 23. Elliott, W. J. Systemic hypertension. Curr. Probl. Cardiol. 32(4), 201–259. https:// doi. org/ 10. 1016/j. cpcar diol. 2007. 01. 002 (2007).
 24. White, G. E., Mair, C., Richardson, G. A., Courcoulas, A. P. & King, W. C. Alcohol use among U.S. adults by weight status and 

weight loss attempt: NHANES, 2011–2016. Am. J. Prev. Med. 57(2), 220–230. https:// doi. org/ 10. 1016/j. amepre. 2019. 03. 025 (2019).
 25. Ricci, C., Schutte, A. E., Schutte, R., Smuts, C. M. & Pieters, M. Trends in alcohol consumption in relation to cause-specific and 

all-cause mortality in the United States: A report from the NHANES linked to the US mortality registry. Am. J. Clin. Nutr. 111(3), 
580–589. https:// doi. org/ 10. 1093/ ajcn/ nqaa0 08 (2020).

 26. Flegal, K. M., Kruszon-Moran, D., Carroll, M. D., Fryar, C. D. & Ogden, C. L. Trends in obesity among adults in the United States, 
2005 to 2014. JAMA 315(21), 2284–2291. https:// doi. org/ 10. 1001/ jama. 2016. 6458 (2016).

 27. Féki, I. et al. Dépression et stratégies de coping chez les sujets âgés atteints de diabète de type 2 [Depression and coping strategies 
in the elderly with type 2 diabetes]. L’Encephale 45(4), 320–326. https:// doi. org/ 10. 1016/j. encep. 2019. 01. 005 (2019).

 28. Chung, H. S. et al. Fasting plasma glucose variability in midlife and risk of Parkinson’s disease: A nationwide population-based 
study. Diabetes Metab. 47(3), 101195. https:// doi. org/ 10. 1016/j. diabet. 2020. 08. 006 (2021).

 29. WHO Expert Consultation. Appropriate body-mass index for Asian populations and its implications for policy and intervention 
strategies. Lancet (London, England) 363(9403), 157–163. https:// doi. org/ 10. 1016/ S0140- 6736(03) 15268-3 (2004).

 30. Lotta, L. A. et al. Definitions of metabolic health and risk of future type 2 diabetes in BMI categories: A systematic review and 
network meta-analysis. Diabetes Care 38(11), 2177–2187. https:// doi. org/ 10. 2337/ dc15- 1218 (2015).

 31. Yamamoto, E. & Jørgensen, T. N. Immunological effects of vitamin D and their relations to autoimmunity. J. Autoimmun. 100, 
7–16. https:// doi. org/ 10. 1016/j. jaut. 2019. 03. 002 (2019).

 32. de Vries, M. A. et al. Effect of a single dose of vitamin D3 on postprandial arterial stiffness and inflammation in vitamin D-deficient 
women. J. Clin. Endocrinol. Metab. 102(3), 992–1000. https:// doi. org/ 10. 1210/ jc. 2016- 3394 (2017).

 33. Berridge, M. J. Vitamin D deficiency and diabetes. Biochem. J. 474(8), 1321–1332. https:// doi. org/ 10. 1042/ BCJ20 170042 (2017).
 34. El-Sharkawy, A. & Malki, A. Vitamin D signaling in inflammation and cancer: Molecular mechanisms and therapeutic implica-

tions. Molecules (Basel, Switzerland) 25(14), 3219. https:// doi. org/ 10. 3390/ molec ules2 51432 19 (2020).
 35. Akahane, T. et al. Chronic alcohol consumption is inversely associated with insulin resistance and fatty liver in Japanese males. 

Nutrients 12(4), 1036. https:// doi. org/ 10. 3390/ nu120 41036 (2020).
 36. Li, C., Hsieh, M. C. & Chang, S. J. Metabolic syndrome, diabetes, and hyperuricemia. Curr. Opin. Rheumatol. 25(2), 210–216. 

https:// doi. org/ 10. 1097/ BOR. 0b013 e3283 5d951e (2013).
 37. Guarino, M. P., Afonso, R. A., Raimundo, N., Raposo, J. F. & Macedo, M. P. Hepatic glutathione and nitric oxide are critical for 

hepatic insulin-sensitizing substance action. Am. J. Physiol. Gastrointest. Liver Physiol. 284(4), G588–G594. https:// doi. org/ 10. 
1152/ ajpgi. 00423. 2002 (2003).

 38. Yang, C. M. & Carlson, G. P. Effects of ethanol on glutathione conjugation in rat liver and lung. Biochem. Pharmacol. 41(6–7), 
923–929. https:// doi. org/ 10. 1016/ 0006- 2952(91) 90197-d (1991).

https://doi.org/10.1002/jcp.27603
https://doi.org/10.1038/nrneph.2016.145
https://doi.org/10.1038/nrneph.2016.145
https://doi.org/10.1016/j.rehab.2018.11.001
https://doi.org/10.1007/s12020-021-02778-y
https://doi.org/10.1136/bmj.l2368
https://doi.org/10.7150/ijms.10001
https://doi.org/10.1155/2018/4321714
https://doi.org/10.1017/S0029665117004062
https://doi.org/10.4065/mcp.2010.0138
https://doi.org/10.1002/jcp.28431
https://doi.org/10.1007/s11154-017-9424-1
https://doi.org/10.1111/jocd.13085
https://doi.org/10.1016/j.fct.2020.111604
https://doi.org/10.1016/j.jsbmb.2010.03.050
https://doi.org/10.1016/j.jsbmb.2010.03.050
https://doi.org/10.1016/j.ajpath.2015.11.015
https://doi.org/10.1016/j.ajpath.2015.11.015
https://doi.org/10.1016/j.mrgentox.2016.01.005
https://doi.org/10.23736/S0391-1977.20.03161-2
https://doi.org/10.1093/ajcn/nqz171
https://doi.org/10.1016/j.diabres.2018.12.008
https://doi.org/10.1016/j.clnu.2015.03.001
https://doi.org/10.1155/2018/7434918
https://doi.org/10.1007/s00592-015-0782-4
https://doi.org/10.1016/j.cpcardiol.2007.01.002
https://doi.org/10.1016/j.amepre.2019.03.025
https://doi.org/10.1093/ajcn/nqaa008
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1016/j.encep.2019.01.005
https://doi.org/10.1016/j.diabet.2020.08.006
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.2337/dc15-1218
https://doi.org/10.1016/j.jaut.2019.03.002
https://doi.org/10.1210/jc.2016-3394
https://doi.org/10.1042/BCJ20170042
https://doi.org/10.3390/molecules25143219
https://doi.org/10.3390/nu12041036
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1152/ajpgi.00423.2002
https://doi.org/10.1152/ajpgi.00423.2002
https://doi.org/10.1016/0006-2952(91)90197-d


10

Vol:.(1234567890)

Scientific Reports |          (2022) 12:119  | https://doi.org/10.1038/s41598-021-04109-7

www.nature.com/scientificreports/

 39. Li, X. H., Yu, F. F., Zhou, Y. H. & He, J. Association between alcohol consumption and the risk of incident type 2 diabetes: A 
systematic review and dose-response meta-analysis. Am. J. Clin. Nutr. 103(3), 818–829. https:// doi. org/ 10. 3945/ ajcn. 115. 114389 
(2016).

 40. Traversy, G. & Chaput, J. P. Alcohol consumption and obesity: An update. Curr. Obes. Rep. 4(1), 122–130. https:// doi. org/ 10. 1007/ 
s13679- 014- 0129-4 (2015).

 41. Garbossa, S. G. & Folli, F. Vitamin D, sub-inflammation and insulin resistance. A window on a potential role for the interaction 
between bone and glucose metabolism. Rev. Endocr. Metab. Disord. 18(2), 243–258. https:// doi. org/ 10. 1007/ s11154- 017- 9423-2 
(2017).

 42. Das, S. K. et al. Long-term effects of 2 energy-restricted diets differing in glycemic load on dietary adherence, body composition, 
and metabolism in CALERIE: A 1-y randomized controlled trial. Am. J. Clin. Nutr. 85(4), 1023–1030. https:// doi. org/ 10. 1093/ 
ajcn/ 85.4. 1023 (2007).

 43. Raygor, V. et al. Impact of race/ethnicity on insulin resistance and hypertriglyceridaemia. Diabetes Vasc. Dis. Res. 16(2), 153–159. 
https:// doi. org/ 10. 1177/ 14791 64118 813890 (2019).

 44. Han, F. F. et al. VDR gene variation and insulin resistance related diseases. Lipids Health Dis. 16(1), 157. https:// doi. org/ 10. 1186/ 
s12944- 017- 0477-7 (2017).

 45. Chalé, A. & Chalé, C. Color by numbers: When population skin pigmentation is not political but a polytypical evaluation exercise 
to measure vitamin d, diseases, and skin pigmentation. J. Acad. Nutr. Diet. 116(8), 1251–1256. https:// doi. org/ 10. 1016/j. jand. 2016. 
04. 014 (2016).

 46. Berg, A. H. et al. 24,25-Dihydroxyvitamin d3 and vitamin D status of community-dwelling black and white Americans. Clin. Chem. 
61(6), 877–884. https:// doi. org/ 10. 1373/ clinc hem. 2015. 240051 (2015).

 47. Salvetti, A., Brogi, G., Di Legge, V. & Bernini, G. P. The inter-relationship between insulin resistance and hypertension. Drugs 
46(Suppl 2), 149–159. https:// doi. org/ 10. 2165/ 00003 495- 19930 0462- 00024 (1993).

 48. Claro da Silva, T., Hiller, C., Gai, Z. & Kullak-Ublick, G. A. Vitamin D3 transactivates the zinc and manganese transporter 
SLC30A10 via the Vitamin D receptor. J. Steroid Biochem. Mol. Biol. 163, 77–87. https:// doi. org/ 10. 1016/j. jsbmb. 2016. 04. 006 
(2016).

Author contributions
R.G., M.W., S.W. and X.W. conceived the idea; G.L. and Z.X. wrote the manuscript; Z.X., D.L., N.F. and Y.C. 
collected and read the literature and revised the article; Q.W. read through and corrected the manuscript. All 
authors read and approved the final manuscript. Z.X. is the first author. R.G., G.L., M.W. and Y.C. is the co-first 
author. S.W. is the corresponding author of this paper.

Funding
This work was Supported by Grants from National Natural Science Foundation of China (81860370), General 
Project of Natural Science Foundation of Qinghai Province (2020-ZJ-930) and CAS “Light of West China” 
Program.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.3945/ajcn.115.114389
https://doi.org/10.1007/s13679-014-0129-4
https://doi.org/10.1007/s13679-014-0129-4
https://doi.org/10.1007/s11154-017-9423-2
https://doi.org/10.1093/ajcn/85.4.1023
https://doi.org/10.1093/ajcn/85.4.1023
https://doi.org/10.1177/1479164118813890
https://doi.org/10.1186/s12944-017-0477-7
https://doi.org/10.1186/s12944-017-0477-7
https://doi.org/10.1016/j.jand.2016.04.014
https://doi.org/10.1016/j.jand.2016.04.014
https://doi.org/10.1373/clinchem.2015.240051
https://doi.org/10.2165/00003495-199300462-00024
https://doi.org/10.1016/j.jsbmb.2016.04.006
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association between vitamin D3 levels and insulin resistance: a large sample cross-sectional study
	Methods
	Database. 
	Study population. 
	Data collection. 
	Statistical analysis. 
	Covariant selection. 
	Evaluation criterion. 
	Insulin resistance. 
	Hypertension. 
	Drinking. 
	Smoking. 

	Ethics approval and consent to participate. 

	Result
	Characteristics of study population. 
	Single factor analysis. 
	Multivariate analysis. 
	Smooth curve fitting. 
	Subgroup analysis. 

	Discussion
	Conclusion
	References


