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Aim: This study aimed to investigate the association between vitamin D deficiency and novel biomarkers of 
atherogenic dyslipidemia among young adults.

Method: A total of 976 young adults were recruited between 2011 and 2019. Their serum 25(OH)D levels 
were measured, and lipid profile markers, including low-density lipoprotein cholesterol (LDL-C), low-density 
lipoprotein triglyceride (LDL-TG), and small-dense low-density lipoprotein cholesterol (sdLDL-C), were assessed 
as novel biomarkers of atherogenic dyslipidemia. Multivariable linear regression was used to analyze the 
association between vitamin D levels and lipid profile markers. Odds ratios were calculated to assess the risk of 
atherogenic dyslipidemia in individuals with serum 25(OH)D levels below 30 ng/mL compared to those with 
levels above 30 ng/mL. Structural equation modeling (SEM) was employed to explore potential mediation 
pathways.

Results: The study found a significant association between vitamin D levels and lower levels of LDL-C, 
LDL-TG, sdLDL-C, non-high-density lipoprotein cholesterol (non-HDL-C), triglycerides, and total cholesterol. 
Individuals with serum 25(OH)D levels below 30 ng/mL exhibited significantly higher odds ratios for developing 
atherogenic dyslipidemia in a dose–response pattern compared to those with vitamin D levels above 30 ng/mL. 
Notably, structural equation modeling (SEM) analysis revealed that vitamin D did not affect atherogenic lipid 
markers through the mediation of insulin resistance markers or high-sensitivity C-reactive protein.

Conclusion: This study provides evidence of an association between vitamin D deficiency and atherogenic 
dyslipidemia in young adults. It further highlights that individuals with serum 25(OH)D levels below 30 ng/mL 
are at a significantly higher risk of developing atherogenic dyslipidemia in a dose–response manner compared to 
those with higher vitamin D levels. These findings underscore the potential role of vitamin D in dyslipidemia 
management and emphasize the importance of maintaining sufficient vitamin D levels for cardiovascular health 
in young adults.
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(VDR), and the vitamin D–VDR complex can regulate 
various gene expressions and signal transduction 
pathways10). Vitamin D exerts anti-inflammatory effects 
by inhibiting the NF-κB pathway and proinflammatory 
cytokine production11). It can also significantly decrease 
oxidative stress and increase nitric oxide levels12). 
Previous studies have associated vitamin D deficiency 
with impaired vascular endothelial function 13). 
Mendelian randomization analyses revealed evidence 
of an inverse association between vitamin D deficiency 
and high-sensitivity C-reactive protein (hs-CRP) 
levels14). These are all possible mechanisms of the 
association between vitamin D and dyslipidemia10). 

Serum 25(OH)D is known to be the best marker 
for evaluating the status of vitamin D. Most studies 
define a 25(OH)D level lower than 20 ng/mL (50 
nmol/L) as vitamin D deficiency15). Furthermore, a 
25(OH)D level between 20 ng/mL (50 nmol/L) and 
30 ng/mL (75 nmol/L) is considered as vitamin D 
insufficiency. A 25(OH)D level lower than 12 ng/mL 
(30 nmol/L) is regarded as severe vitamin D deficiency 
due to an increased risk for osteomalacia and 
nutritional rickets. The USA, Canada, and Europe 
have been reported to have a high prevalence (between 
24% and 40%) of vitamin D deficiency16). 

Large randomized clinical trials did not show a 
benefit of vitamin D supplementation for major 
cardiovascular events in the older general 
population17). However, previous studies demonstrated 
an association between vitamin D deficiency and 
sdLDL-C in middle-aged adults18). A study involving 
136 Japanese men also showed an association between 
vitamin D deficiency and unfavorable lipid profiles19). 
Furthermore, a small randomized clinical trial showed 
that vitamin D supplementation can decrease oxidized 
low-density lipoprotein levels in patients with 
diabetes20).

Recognizing this gap and the potential 
ramifications of vitamin D on atherogenic 
dyslipidemia from early life, our study extends its 
focus on young adults. Our objective is to shed light 
on how serum 25(OH)D levels modulate atherogenic 
dyslipidemia, providing insights into the genesis of 
CVDs in younger populations.

Materials and Methods

Subjects and Study Design
Our study enrolled 976 young adults aged 20 to 

Introduction

Cardiovascular disease (CVD) stands as a global 
health menace, accounting for nearly 17.92 million 
deaths annually1). Among the myriad of risk factors, 
dyslipidemia, which is characterized by abnormal lipid 
levels in the bloodstream, plays a pivotal role in the 
development and progression of cardiovascular 
diseases This condition expedites lipid deposition and 
inflammation within the vessel walls, fostering the 
onset of atherosclerosis, a significant precursor to 
CVD2). Elevated levels of low-density lipoprotein 
cholesterol (LDL-C) have been consistently associated 
with increased risk of CVD mortality3). While 
interventions targeting dyslipidemia can alleviate these 
risks, other types of atherogenic dyslipidemia4), 
notably small-dense low-density lipoprotein 
cholesterol (sdLDL-C) and low-density lipoprotein 
triglyceride (LDL-TG), introduce residual threats. 
Atherogenic dyslipidemia is more atherogenic than 
LDL-C alone because of the higher cholesterol 
content, higher affinity for arterial intima, easier 
transcytosis, and more tentative direct phagocytosis by 
macrophages in the arterial intima5). 

The onset of dyslipidemia is influenced by a 
confluence of factors ranging from age, dietary habits, 
genetic predispositions, cigarette smoking, diabetes 
mellitus6), to more intricate factors such as insulin 
resistance7). A burgeoning body of evidence has 
highlighted that vitamin D deficiency potentially 
aggravates dyslipidemia8). 

Vitamin D is a lipid-soluble vitamin. The major 
source of vitamin D is cholecalciferol (vitamin D3) 
through dermal synthesis after exposure to sunlight 
UV radiation. Ergocalciferol (vitamin D2) is a plant-
derived form of vitamin and is often used as a vitamin 
supplement. Vitamin D3 and vitamin D2 are 
transformed into serum 25-hydroxyvitamin D3 
(25(OH)D3) and 25-hydroxyvitamin D2 (25(OH)D2) 
by 25-hydroxylase. The half-life of 25(OH)D2 is 
significantly shorter than that of 25(OH)D3. 
Measurement of 25-hydroxyvitamin D (25(OH)D) 
significantly encompasses the combined levels of 
25(OH)D3 and 25(OH)D2. Then, 25(OH)D is 
transformed into 1,25-dihydroxyvitamin D (1, 
25(OH)2D) by 1α-hydroxylase9). 

In addition, to bone metabolism, vitamin D has 
many extra-skeletal functions. Vitamin D can penetrate 
the cell membrane and bind to its vitamin D receptor 
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spring and summer. This approach ensured the 
mitigation of any potential impact of seasonal 
differences on vitamin D levels.

The serum levels of total cholesterol (TCHO), 
TG, high-density lipoprotein cholesterol (HDL-C), 
and LDL-C were quantified via a homogeneous 
enzymatic method using commercial kits (Denka 
Seiken Co., Ltd.). Quantification was performed using 
a Toshiba automatic chemistry analyzer FR-200 
(Toshiba Company, Tokyo, Japan). The serum levels 
of LDL-TG and sdLDL-C were measured using the 
sd-LDL-EX “SEIKEN” protocol on a Toshiba FR-200 
automatic chemistry analyzer (Toshiba Company, 
Tokyo, Japan). The serum levels of LDL-TG and 
sdLDL-C were measured using automated detergent-
based homogeneous methods (Denka Seiken, Tokyo, 
Japan).

Statistical Analysis
Continuous variables were expressed as means±

standard deviations. Categorical variables were 
expressed as numbers (percentages). Analysis of 
variance for continuous variables and Pearson’s chi-
squared test for categorical variables were used to 
evaluate the differences and trends between groups 
having different serum 25(OH)D levels. Univariable 
linear regression was employed to evaluate the 
association between lipid markers and CVD risk 
factors. Significant variables were then further 
analyzed via multivariable linear regression using 
multiple models. To further confirm the associations, 
nonlinear regression analyses and investigation of 
scatterplots for serum 25(OH)D levels and lipid 
markers were conducted. Logistic regression was 
employed to evaluate the odds ratio of having 
atherogenic dyslipidemia between groups with 
different 25(OH)D levels. Specifically, the binary 
responsible variable was 1 for each atherogenic 
dyslipidemia marker outer than its normal range and 
0 otherwise; the major independent variables were 
three dichotomic variables indicating serum 25(OH)
D levels of ＜12, 12–20, and 20–30 ng/mL with ＞30 
ng/mL as reference; covariates of age, sex, BMI, 
systolic blood pressure, serum creatinine, homeostasis 
model assessment for insulin resistance (HOMA-IR), 
serum calcium level, alcohol consumption, cigarette 
smoking, educational level, and regular exercise habits 
were included for adjustment. The odds ratio of 
having atherogenic dyslipidemia for an interquartile 
range of 25(OH)D level from other fitted logistic 
regression models with 25(OH)D was reported as a 
continuous independent variable. Sensitivity analysis 
was employed to identify possible sensitive subgroups. 

We used SEM to examine the associations among 

45 years old between 2011 and 2019. The participants 
were recruited from a community-based population. 
Most of them were participants of a previous 
nationwide screening program. They represented the 
general young adult population in Taipei, Taiwan. The 
involvement of the participants in a nationwide 
screening program helps reduce the likelihood of 
selection volunteer bias. The study population 
consisted of 407 men (41.70%) and 569 women 
(58.30%). Individuals with congestive heart failure, 
cerebrovascular disease, or active cancer were excluded. 
This study was approved by the Institutional Review 
Board of Nation Taiwan University Hospital. Written 
informed consent was obtained from each participant 
before enrollment in this study.

Assessment of Clinical Information and Risk 
Stratification

Information on basic CVD risk factors, such as 
age, sex, weight, height, medical history, smoking 
habits, alcohol consumption, and current medications, 
were collected from the participants. Blood pressure 
was measured twice using a standardized method, and 
participants with a reading of ≥ 140/90 mmHg or 
were taking antihypertensive medications were defined 
as having hypertension. Information regarding lifestyle 
and socioeconomic status was obtained through a self-
report questionnaire and included cigarette smoking, 
alcohol consumption, household income, and exercise 
habits. The participants were considered smokers if 
they regularly smoked and alcohol drinkers if they 
consumed two or more standard alcoholic drinks per 
week. The demographic and anthropometric data of 
the participants, including body mass index (BMI) 
and waist circumference, were obtained from the 
medical records archive of the National Taiwan 
University Hospital. Obesity was defined as BMI ≥ 27 
kg/m2.

Measurement of Serum Levels of Vitamin D and 
Lipid Profile Markers

Blood samples were collected from each 
participant after overnight fasting for at least 10–14 h 
and stored at －80℃. The serum levels of total 
25(OH)D (calcidiol), including 25(OH)D2 and 
25(OH)D3, were measured using a commercially 
available TOTAL Liaison chemiluminescence analyzer 
(Liaison, Diasorin S.p.A., Saluggia, Italy) to represent 
the individual vitamin D status of each participant21). 
Because vitamin D status is influenced by sun 
exposure, participants were recruited each year 
between March and September. To minimize bias 
resulting from seasonal variations in vitamin D status, 
all data in our study were collected specifically during 
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analyzed using IBM SPSS Statistics for Windows, 
version 28.0 (IBM Corp., Armonk, NY). A p-value 
less than 0.05 was considered statistically significant.

Results

Relationship between Vitamin D Levels and 
Cardiovascular Disease Risk Factors

The study population was divided into four 
groups according to their serum 25(OH)D levels 
(Table 1), using specific cutoff points of 12, 20, and 
30 ng/mL according to clinical guidelines. The p-value 
for trend analysis indicated that individuals with 
higher serum 25(OH)D levels tended to be older, 

serum 25(OH)D levels, dyslipidemia, and insulin 
resistance. Our hypothesis posited that atherogenic 
dyslipidemia markers were influenced by vitamin D 
status directly and indirectly through the mediator of 
insulin resistance. Additionally, we explored the 
associations between serum 25(OH)D, hs-CRP, and 
markers of atherogenic dyslipidemia using SEM 
analyses. To account for potential confounding factors, 
such as age, sex, BMI, systolic blood pressure, serum 
creatinine, hs-CRP, serum calcium level, alcohol 
consumption, cigarette smoking, educational level, 
and regular exercise habit, adjustments were made for 
both hypotheses. SEM analysis was conducted using 
Amos 26.0 (IBM SPSS, Chicago). All data were 

Table 1. Comparisons of cardiovascular risk factors between different groups by 25(OH)D concentrations 

Variables Overall N=976 25(OH)D groups, ng/mL p for trend

＜12
N=205 (21.0%)

12-20
N=345 (35.4%)

20-30
N=344 (35.2%)

＞30
N=82 (8.4%)

Age, years 31.94±4.50 31.64±4.59 31.54±4.34 32.35±4.61 32.65±4.32 0.033
Men 407 (41.70%) 70 (34.15%) 117 (33.91%) 168 (48.84%) 52 (63.41%) ＜0.001
BMI, kg/m2 23.04±4.28 23.07±4.47 22.96±4.33 22.97±4.02 23.61±4.68 0.344
SBP, mmHg 115.48±13.80 115.59±14.90 115.43±12.89 115.12±13.79 116.95±14.85 0.494
DBP, mmHg 65.73±9.56 66.33±10.87 65.79±8.68 65.26±9.46 65.91±10.08 0.639
Creatinine, mg/dL 0.88±0.92 0.90±1.34 0.90±1.13 0.84±0.17 0.91±0.20 0.932
Glucose, mg/dL 86.77±20.12 86.13±20.86 88.58±27.85 85.45±9.21 85.45±9.21 0.749
HbA1C, % 5.62±0.67 5.63±0.66 5.64±0.90 5.58±0.90 5.58±0.39 0.645
Insulin, mIU/L 10.59±6.08 11.18±7.15 10.48±5.76 10.04±4.89 11.85±8.39 0.522
HOMA-IR 2.33±1.83 2.42±1.90 2.37±2.19 2.15±1.17 2.62±2.22 0.598
hsCRP, mg/dL 0.15±0.24 0.11±0.17 0.15±0.28 0.14±0.22 0.20±0.28 0.008
LDL-C, mg/dL 106.6±31.42 106.5±32.77 109.6±32.49 105.5±30.18 98.15±26.89 0.020
LDL-TG, mg/dL 12.55±11.66 14.34±16.41 12.39±5.50 11.91±5.79 11.40±5.02 0.045
sdLDL-C, mg/dL 22.97±14.86 24.08±19.62 22.98±12.95 23.15±14.23 19.38±10.13 0.019
non-HDL-C, mg/dL 128.7±41.75 129.9±44.88 131.3±47.90 127.6±34.88 118.8±29.51 0.026
TG, mg/dL 91.04±63.96 92.91±69.39 90.09±67.64 92.41±64.40 84.62±61.30 0.136
TCHO, mg/dL 188.2±41.63 191.0±43.34 192.3±48.53 185.3±34.02 175.9±30.78 0.002
Albumin, g/dL 4.72±0.26 4.72±0.30 4.70±0.26 4.73±0.23 4.73±0.29 0.627
Calcium, mg/dL† 9.32±0.37 9.31±0.38 9.28±0.37 9.35±0.34 9.39±0.39 0.037
Phosphate, mg/dL 3.54±0.54 3.55±0.55 3.60±0.55 3.48±0.50 3.54±0.55 0.523
Smoking, yes 132 (13.52%) 18 (8.78%) 47 (13.62%) 49 (14.24%) 18 (21.95%) 0.006
Alcohol consumption 303 (31.05%) 60 (29.27%) 108 (31.30%) 108 (31.40%) 27 (32.93%) 0.550
Exercise habit 567 (58.09%) 115 (56.10%) 198 (57.39%) 207 (60.17%) 47 (57.32%) 0.470
Education, ≥ 12 years 882 (90.37%) 190 (92.68%) 304 (88.12%) 314 (91.28%) 74 (90.24%) 0.826
Oral Supplement＊ 116 (11.92%) 25 (12.20%) 43 (12.46%) 38 (11.05%) 10 (12.20%) 0.629

ANOVA for continuous variables, chi-square test for categorical variables. Continuous variables: means±standard deviations, categorial variables: 
numbers (percentages)
Abbreviation: 25(OH)D: 25-hydroxyvitamin D in ng/mL, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, 
HOMA-IR: Homeostatic Model Assessment for Insulin Resistance, hsCRP: high-sensitivity C-reactive protein, LDL-C: low-density lipoprotein 
cholesterol, LDL-TG: low-density lipoprotein triglycerides, sdLDL-C: small dense LDL cholesterol, non-HDL-C: non-HDL cholesterol, TG: tri-
glycerides, TCHO: total cholesterol, Smoking: active smoking (yes/no), Alcohol consumption: regular social drinking (yes/no), Exercise: regular 
exercise (yes/no), Education: Bachelor’s degree or higher (yes/no). 
＊: regular oral multivitamin supplementation upon enrollment
†: serum calcium level, measured by mg/dL, corrected by serum albumin level if serum albumin level below 4.0 g/dL
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Risks of Atherogenic Dyslipidemia in Different 
Vitamin D Groups

Logistic regression analysis was conducted to 
evaluate the odds ratio of markers for atherogenic 
dyslipidemia between groups with different serum 
25(OH)D levels (Table 4). The markers of 
atherogenic dyslipidemia were LDL-C ≥ 130 mg/dL, 
LDL-C ≥ 75th percentile, LDL-TG ≥ 75th percentile, 
sdLDL-C ≥ 40 mg/dL, non-HDL-C ＞130 mg/dL, 
and TCHO ≥ 200 mg/dL according to previous 
studies and guidelines. The 75th percentile level for 
LDL-C was recorded at 125.5 mg/dL. The analysis 
was controlled for age, sex, BMI, systolic blood 
pressure, serum creatinine, HOMA-IR, hs-CRP, 
serum calcium level, alcohol consumption, cigarette 
smoking, educational level, and regular exercise habits. 
The reference group was the group with serum 
25(OH)D levels greater than 30 ng/mL. The results 
indicated that groups with vitamin D levels below 30 
ng/mL exhibited a significantly increased odds ratio 
for developing atherogenic dyslipidemia. Specifically, 
groups with vitamin D levels ＜12, 12–20, and 20–30 
ng/mL exhibited increased risks. This association 
between vitamin D levels and the risk of atherogenic 
dyslipidemia was characterized by a dose–response risk 
pattern, with lower vitamin D levels correlating with 
higher risks, showing the inverse proportionality 
between vitamin D concentrations and the likelihood 
of developing atherogenic dyslipidemia (Table 4). 

Sensitivity Test for Atherogenic Dyslipidemia
Logistic regression analysis was conducted to 

estimate the interquartile range odds ratio. Specifically, 
the odds ratio of LDL-C ≥ 130 mg/dL (Table 5), 
LDL-TG ≥ 75th percentile (Supplemental Table 1), 
and sdLDL-C ≥ 40 mg/dL (Supplemental Table 2) 
in various subgroups was investigated using a logistic 
regression model with 25(OH)D as a continuous 
independent variable. For each subgroup, the odds 
ratio per interquartile range increase in 25(OH)D 
levels was calculated. Sensitivity test for atherogenic 
dyslipidemia was conducted according to sex, age, 
BMI, smoking, alcohol consumption, and regular 
exercise habits. P for interaction was used to determine 
whether there was a statistically significant difference 
between the subgroups. Subgroup analysis revealed a 
significant association between higher odds ratio of 
LDL-TG ≥ 75th percentile and 25(OH)D levels 
spec i f i ca l l y  w i th in  the  women subgroup 
(Supplemental Table 1). Contrarily, no significant 
associations were observed in the other subgroups, 
including those related to LDL-C ≥ 130 mg/dL 
(Table 5) and sdLDL-C ≥ 40 mg/dL (Supplemental 
Table 2). This suggests that the association between 

have smoking habit, men, and have higher levels of 
hs-CRP and serum calcium. The study also found that 
vitamin D deficiency was associated with higher LDL-
C, LDL-TG, sdLDL-C, non-HDL, and TCHO 
levels. However, no significant differences were 
observed in other factors such as BMI, blood pressure, 
serum creatinine, TG levels, blood sugar levels, insulin 
res i s tance,  serum albumin and phosphate 
concentration, alcohol consumption, exercise habits, 
educa t i ona l  l e v e l ,  o r  o r a l  mu l t i v i t amin 
supplementation between groups with different serum 
25(OH)D levels (Table 1).

Relationship between Lipid Markers and 
Cardiovascular Disease Risk Factors

Univariable linear regression showed that the 
levels of LDL-C, LDL-TG, sdLDL-C, non-HDL-C, 
TG, and TCHO were all negatively associated with 
vitamin D levels (Table 2). Additionally, these lipid 
markers were positively associated with older age, male 
sex, higher BMI, higher blood pressure, higher blood 
sugar, insulin resistance, serum calcium level, and 
hsCRP levels. The study also found that cigarette 
smoking was associated with higher LDL-C, 
LDL-TG, and sdLDL-C levels. Moreover, higher 
serum creatinine had an association with higher LDL-
C, LDL-TG, sdLDL-C, and non-HDL-C levels. 

Relationship between Vitamin D and Lipid 
Markers

Multivariable linear regression was employed to 
examine the association between lipid markers and 
serum 25(OH)D levels (Table 3). The analysis was 
conducted using four different models with increasing 
adjustment levels for possible confounding factors. 
Model 1 was unadjusted, whereas Model 2 was 
adjusted for age and sex. Model 3 was additionally 
adjusted for BMI, systolic blood pressure, serum 
creatinine, HOMA-IR, hs-CRP, and serum calcium 
level. Model 4 added alcohol consumption, cigarette 
smoking, educational level, and regular exercise habits 
to the variables in Model 3. The results of 
multivariable linear regression indicated that serum 
25(OH)D level was significantly associated with lower 
LDL-C, LDL-TG, sdLDL-C, TG, and TCHO levels 
in all models after controlling for possible 
confounding factors. The investigation of scatterplot 
for serum 25(OH)D levels and lipid markers using 
nonlinear regression indicated that the association 
between the lipid values and serum 25(OH)D levels 
was approximately linear among most of the 
participants (more than 95%). The fitted nonlinear 
curves were caused only by a few points 
(Supplemental Fig. 1).
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serum 25(OH)D levels and HOMA-IR, a marker of 
insulin resistance, were independently associated with 
all markers of dyslipidemia. However, it was found 
that vitamin D did not affect lipid profiles through 
the mediation of HOMA-IR (Supplemental Fig. 2). 
Moreover, SEM analyses investigating the associations 
among serum 25(OH)D, hs-CRP, and lipid markers 
revealed that higher vitamin D levels were associated 

serum 25(OH)D levels and atherogenic dyslipidemia 
was not significantly different across subgroups 
defined by sex, age, BMI, smoking, or exercise, except 
for the odds ratio of LDL-TG ≥ 75th percentile in 
women.

Structural Equation Modeling Analyses
The results of the SEM analyses indicated that 

Table 2. The relationship between lipid profile markers and CVD risk factors using univariate linear regression models

LDL-C LDL-TG sdLDL-C

Beta (SE) p value Beta (SE) p value Beta (SE) p value

25(OH)D, ng/mL -0.262 (0.112) 0.020 -0.122 (0.042) 0.003 -0.145 (0.053) 0.006
Age, years 0.844 (0.222) ＜0.001 0.200 (0.083) 0.016 0.486 (0.105) ＜0.001
Men 12.30 (2.002) ＜0.001 1.945 (0.755) 0.010 6.990 (0.939) ＜0.001
BMI, kg/m2 1.707 (0.229) ＜0.001 0.744 (0.084) ＜0.001 1.254 (0.104) ＜0.001
SBP, mmHg 0.495 (0.071) ＜0.001 0.167 (0.027) ＜0.001 0.329 (0.033) ＜0.001
DBP, mmHg 0.860 (0.101) ＜0.001 0.289 (0.038) ＜0.001 0.521 (0.047) ＜0.001
Creatinine, mg/dL 2.026(1.093) 0.064 0.913(0.405) 0.024 1.120(0.516) 0.030
Glucose, mg/dL 0.170 (0.050) ＜0.001 0.082 (0.018) ＜0.001 0.187 (0.023) ＜0.001
HbA1C, % 6.382 (1.490) ＜0.001 1.899 (0.574) 0.001 5.895 (0.710) ＜0.001
Insulin, mIU/L 1.030 (0.162) ＜0.001 0.542 (0.059) ＜0.001 0.848 (0.074) ＜0.001
HOMA-IR 3.549 (0.538) ＜0.001 1.713 (0.196) ＜0.001 2.901 (0.243) ＜0.001
Calcium, mg/dL† 11.63 (2.276) ＜0.001 0.421 (1.022) 0.680 6.154 (1.287) ＜0.001
hsCRP, mg/dL 14.993 (4.192) ＜0.001 7.546 (1.548) ＜0.001 10.972 (1.966) ＜0.001
Smoking, yes 6.369 (2.937) 0.030 2.510 (1.090) 0.021 5.813 (1.380) ＜0.001
Alcohol consumption -4.394 (2.171) 0.043 -0.668 (0.809) 0.409 -0.969 (1.030) 0.347
Exercise habit 3.482 (2.036) 0.088 -1.260 (0.756) 0.096 -0.470 (0.965) 0.626
Education, ≥ 12 years -6.533 (3.404) 0.055 -1.621 (1.265) 0.200 -2.106 (1.611) 0.192

Non-HDL-C TG TCHO

Beta (SE) p value Beta (SE) p value Beta (SE) p value

25(OH)D, ng/mL -0.385 (0.149) 0.010 -1.850 (0.915) 0.044 -0.516 (0.149) 0.001
Age, years 1.225 (0.295) ＜0.001 -0.021 (1.819) 0.991 1.028 (0.295) ＜0.001
Men 15.44 (2.666) ＜0.001 50.61 (16.51) 0.002 1.098 (2.704) 0.685
BMI, kg/m2 2.692 (0.300) ＜0.001 10.84 (1.880) ＜0.001 0.926 (0.310) 0.003
SBP, mmHg 0.675 (0.094) ＜0.001 2.032 (0.590) 0.001 0.247 (0.096) 0.010
DBP, mmHg 1.076 (0.135) ＜0.001 1.740 (0.855) 0.042 0.500 (0.138) ＜0.001
Creatinine, mg/dL 3.271(1.450) 0.024 8.490(8.895) 0.340 1.747(1.449) 0.228
Glucose, mg/dL 0.309 (0.066) ＜0.001 1.329 (0.405) 0.001 0.202 (0.066) 0.002
HbA1C, % 12.90 (1.955) ＜0.001 120.9 (11.60) ＜0.001 9.376 (1.970) ＜0.001
Insulin, mIU/L 1.503 (0.215) ＜0.001 3.685 (1.343) 0.006 0.550 (0.219) 0.012
HOMA-IR 5.120 (0.712) ＜0.001 13.26 (4.449) 0.003 2.390 (0.724) 0.001
Calcium, mg/dL† 15.61 (3.548) ＜0.001 24.40 (7.558) 0.001 16.28 (3.560) ＜0.001
hsCRP, mg/dL 27.78 (5.536) ＜0.001 106.0 (35.14) 0.002 11.03 (5.580) 0.048
Smoking, yes 7.456 (3.904) 0.056 22.57 (23.93) 0.346 -1.037 (3.900) 0.790
Alcohol consumption -3.945 (2.889) 0.172 24.54 (17.69) 0.166 -5.713 (2.876) 0.047
Exercise habit -1.405 (2.709) 0.604 -4.061 (16.58) 0.807 -1.500 (2.701) 0.579
Education, ≥ 12 years -3.638 (4.530) 0.422 -4.658 (27.73) 0.867 1.662 (4.519) 0.713

Abbreviations: SE: standard error; please refer to Table 1 for other abbreviations.
†: serum calcium level, measured by mg/dL, corrected by serum albumin level if serum albumin level below 4.0 g/dL
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Discussions

There were two major findings in this study. 
First, serum 25(OH) D deficiency was associated with 
more severe dyslipidemia characterized by higher levels 
of LDL-C, LDL-TG, sdLDL-C, non-HDL-C, TG, 

with increased hs-CRP levels. However, after 
controlling for confounding factors, hs-CRP did not 
exhibit a significant association with lipid markers 
(Supplemental Fig. 3).

Table 3. The correlation between 25(OH)D vitamin D levels and lipid profile markers by multivariable linear regression analysis

Model 1 Model 2

Beta SE 95% CI p value Beta SE 95% CI p value

LDL-C -0.262 0.112 -0.483 ~ -0.041 0.020 -0.418 0.111 -0.636 ~ -0.199 0.020
LDL-TG -0.122 0.042 -0.204 ~ -0.040 0.003 -0.152 0.761 -0.235 ~ -0.069 0.003
sdLDL-C -0.145 0.053 -0.250 ~ -0.041 0.006 -0.234 0.052 -0.336 ~ -0.133 0.006
non-HDL-C -0.385 0.149 -0.679 ~ -0.092 0.010 -0.588 0.148 -0.878 ~ -0.298 0.010
TG -1.850 0.915 -3.647 ~ -0.054 0.044 -2.407 0.926 -4.225 ~ -0.589 0.010
TCHO -0.516 0.149 -0.808 ~ -0.225 0.001 -0.578 0.150 -0.872 ~ -0.283 0.001

Model 3 Model 4

Beta SE 95% CI p value Beta SE 95% CI p value

LDL-C -0.355 0.110 -0.571 ~ -0.139 0.020 -0.342 0.110 -0.557 ~ -0.126 0.030
LDL-TG -0.125 0.041 -0.205 ~ -0.044 0.002 -0.116 0.041 -0.196 ~ -0.036 0.005
sdLDL-C -0.187 0.049 -0.284 ~ -0.092 0.010 -0.174 0.049 -0.270 ~ -0.079 0.010
non-HDL-C -0.508 0.145 -0.792 ~ -0.224 0.010 -0.468 0.144 -0.751 ~ -0.185 0.020
TG -2.244 0.929 -4.068 ~ -0.421 0.016 -2.030 0.931 -3.856 ~ -0.204 0.029
TCHO -0.533 0.150 -0.827 ~ -0.238 0.001 -0.494 0.151 -0.791 ~ -0.198 0.001

Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, body mass index, systolic blood pressure, serum creatinine, 
HOMA-IR, hsCRP, and serum calcium level; Model 4: adjusted for age, sex, body mass index, systolic blood pressure, serum creatinine, 
HOMA-IR, hsCRP, serum calcium level, alcohol consumption, cigarette smoking, education level and regular exercise habits. 
Abbreviations: LDL-C: low-density lipoprotein cholesterol, LDL-TG: low-density lipoprotein triglycerides, sdLDL-C: small dense LDL cholesterol, 
non-HDL-C: non-HDL cholesterol, TG: triglycerides, TCHO: total cholesterol, HOMA-IR: Homeostatic Model Assessment for Insulin 
Resistance, hsCRP: high-sensitivity C-reactive protein, SE: standard error

Table 4. Odds ratios of developing atherogenic dyslipidemia in different 25(OH)D groups 

Markers for atherogenic dyslipidemia

25(OH)D groups LDL-C 
≥ 130 mg/dL

LDL-C 
≥ 75th percentile‡

LDL-TG 
≥ 75th percentile

sdLDL-C 
≥ 40 mg/dL

non-HDL-C 
＞130 mg/dL

TCHO 
≥ 200 mg/dL

＜12 ng/mL 4.72 3.92 2.96 6.59 2.29 4.58
(2.05–10.8)＊ (1.89–8.18)＊ (1.40–6.24)＊ (1.58–27.5)＊ (1.31–4.01)＊ (2.63–9.27)＊

12-20 ng/mL 4.26 3.42 2.81 6.60 1.73 4.52
(1.81–10.1)＊ (1.60–7.33)＊ (1.28–6.14)＊ (1.62–26.8)＊ (1.01–3.00)＊ (2.18–9.38)＊

20-30 ng/mL 2.94 2.72 2.60 6.82 1.68 3.57
(1.28–6.74)＊ (1.31–5.64)＊ (1.25–5.43)＊ (1.70–27.4)＊ (0.93–3.04) (1.78–7.19)＊

＞30 ng/mL 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
p value for trend＋ 0.01 0.01 0.01 0.30 0.01 0.01
＊p value ＜0.05 compared to the reference group by logistic regression
＋p value for trend calculated by Cochran-Armitage test for trend.
‡75th percentile of LDL-C was 125.5 mg/dL
The results were presented as Odds ratio (95% confidence interval) 
The model was adjusted for age, sex, body mass index, systolic blood pressure, serum creatinine, HOMA-IR, hsCRP, serum calcium level, alcohol 
consumption, cigarette smoking, education level and regular exercise habits.
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D deficiency worldwide.
Previous studies demonstrated an association 

between vitamin D deficiency and atherogenic 
dyslipidemia10). Furthermore, vitamin D deficiency 
was previously reported to be associated with high 
sdLDL-C levels among middle-aged adults18). This 
association was also observed both in the studies 
involving people of Asian ethnicity25) and patients 
with ST-elevation myocardial infarction26). Our study 
results were all compatible with these study results. 
The findings of negative association between nearly all 
types of dyslipidemia and serum 25(OH)D levels in 
young adults also corroborated vitamin D deficiency 
as a nutritional etiology of CVD linkage and extended 
the potential proactive prevention pathway for 
cardiovascular health.

Among the various lipid markers of atherogenic 
dyslipidemia, LDL-TG, one of the LDL-C subclasses, 
were significantly associated with metabolic syndrome 
in children27). LDL-TG also represents a marker for 
dysfunctional remnant lipoproteins and is associated 
with a higher risk of coronary artery disease28). In a 
5-year cohort study of a healthy general population, 
baseline LDL-TG levels were found to be predictors 
of major adverse cardiovascular events29). These results 
indicated that LDL-TG is an important marker for 
atherogenic dyslipidemia.

Vitamin D deficiency may cause atherogenic 

and TCHO in young adults. Those with vitamin D 
deficiency had a higher risk for atherogenic 
dyslipidemia. Second, the groups with serum 25(OH)
D levels lower than 30 ng/mL had a significantly 
higher odds ratio for developing atherogenic 
dyslipidemia than the group with serum 25(OH)D 
levels higher than 30 ng/mL. This correlation between 
vitamin D concentrations and the likelihood of 
atherogenic dyslipidemia manifested as a dose–
response relationship.

A high prevalence of vitamin D deficiency has 
been recorded worldwide16). Children and adolescents 
are exposed to the same risk, as nearly 50% of the 
young population has 25(OH)D levels below 20 ng/
mL22). These results are consistent with the results of 
our study. The cause of vitamin D deficiency is 
multifactorial. It was previously thought that vitamin 
D deficiency is limited to people living in high-
latitude countries due to a lack of adequate sun 
exposure. However, a high prevalence of vitamin D 
deficiency was reported in the United States (41.6%), 
Australia (31% deficiency and 73% insufficiency), 
and Saudi Arabia (87%)23). Thus, the high prevalence 
of vitamin D deficiency could not be explained by 
inadequate sun exposure alone. Certain ethnic 
subgroups are more vulnerable to vitamin D 
deficiency24). However, ethnic differences could not be 
fully explained due to the high prevalence of vitamin 

Table 5.  The odds ratio of LDL-C levels ≥ 130 mg/dL in specific subgroup analyses by logistic regression model with 25(OH)D as 
a continuous independent variable

Subgroup N/Subgroup Odds ratio 95% CI p value p value for interaction

Overall 207/976 0.705 0.578 – 0.861 0.001
Sex

Men 113/407 0.716 0.549 – 0.933 0.013 0.873
Women 94/569 0.704 0.518 – 0.957 0.025

Age
≥ 30 y/o 157/679 0.721 0.575 – 0.904 0.005 0.576
＜30 y/o 50/297 0.666 0.431 – 1.030 0.068

BMI
≥ 24 kg/m2 104/343 0.594 0.437 – 0.809 0.001 0.052
＜24 kg/m2 103/633 0.797 0.612 – 1.038 0.093

Smoking
Yes 33/132 0.560 0.308 – 1.020 0.058 0.738
No 174/844 0.721 0.582 – 0.894 0.003

Exercise
Yes 110/566 0.560 0.308 – 1.020 0.058 0.202
No 97/410 0.721 0.582 – 0.894 0.003

The odds ratio per interquartile range increase in 25(OH)D levels was calculated for each subgroup.
Q1 lower quartile of 25(OH)D: 13.23 ng/mL; Q3 upper quartile of 25(OH)D: 23.58 ng/mL 
Interquartile range of 25(OH)D=10.35 ng/mL
The models were adjusted for age, sex, body mass index, systolic blood pressure, serum creatinine, HOMA-IR, hsCRP, serum calcium level, alcohol 
consumption, cigarette smoking, education level and regular exercise habits, except for the variable in the subgroup analysis.
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levels40). Another study has also suggested that serum 
calcium lowers cholesterol levels by facilitating the 
conversion of cholesterol into bile acids41). 

Our study demonstrated that the groups with 
25(OH)D levels less than 12 ng/mL, between 12 and 
20 ng/mL, and between 20 and 30 ng/mL exhibited 
statistically significantly elevated odds ratios for 
atherogenic dyslipidemia in a dose–response risk 
pattern compared with the group with 25(OH)D 
levels surpassing 30 ng/mL. This finding indicated 
that maintaining serum 25(OH)D levels above 30 ng/
mL may help prevent atherogenic dyslipidemia. This 
is compatible with the current guidelines for vitamin 
D deficiency to maintain serum 25(OH)D levels 
above 30 ng/mL42).

The results of the subgroup analyses indicated 
that while a specific association exists between higher 
odds of LDL-TG ≥ 75th percentile and serum 
25(OH)D levels in women, other subgroups did not 
exhibit a significant association. The observed sex-
specific association between serum 25(OH)D levels 
and LDL-TG ≥ 75th percentile in women suggests a 
potential role of vitamin D in influencing atherogenic 
dyslipidemia, particularly within this subgroup. The 
mechanisms underlying this association remain 
unclear and warrant further investigation. One 
possible explanation could be the interaction between 
sex hormones and vitamin D, as estrogen has been 
demonstrated to modulate the metabolism of lipids 
and affect lipid profile composition. Further research 
is warranted to investigate the interplay between 
vitamin D, sex hormones, and atherogenic 
dyslipidemia in women. However, our study findings 
indicated a consistent vulnerability to the association 
between vitamin D deficiency and atherogenic 
dyslipidemia across all other subgroups.

This study has several limitations. First, this was 
a cross-sectional study. Future follow-up studies, such 
as longitudinal studies or clinical trials, can help 
establish causality and determine the long-term effects 
of an intervention or exposure. Second, dietary habits 
were not considered. Dietary habits may affect both 
vitamin D status and dyslipidemia. Our previous 
study demonstrated that 25(OH)D level was lower in 
vegetarians compared with those who were not43). A 
study of 6,808 participants reported that vegetarian 
diet lowered the LDL-C levels44). Vegetarians may also 
have a lower risk of insulin resistance, glucose 
metabolism, and diabetes45). Thus, dietary habits may 
significantly impact lipid status and health outcomes. 
Controlling for dietary habits in the analysis can help 
reduce the potential for confounding and increase 
accuracy and reliability. Thus, dietary habits should be 
evaluated in future studies. Second, regular exercise 

dyslipidemia through various pathophysiological 
mechanisms30). Previous studies suggested that vitamin 
D exerts its antiatherogenic effects by regulating 
immune and inflammatory responses through various 
mechanisms, such as stimulation of nitric oxide 
production, inhibition of oxidative stress, reduction of 
proinflammatory cytokine expression, inhibition of 
vascular smooth muscle cell proliferation, and 
secretion of inflammatory molecules31).

Another possible mechanism is by causing 
insulin resistance. Previous studies reported that 
vitamin D deficiency was associated with insulin 
resistance and the onset of diabetes mellitus32). Several 
possible mechanisms have also been proposed, 
including stimulation of insulin secretion by vitamin 
D through intracellular Ca2＋ regulation, increase in 
organ insulin receptor expression33), inhibition of the 
renin–angiotensin–aldosterone system, and increase in 
reactive oxidative stress and pancreatic islet cell 
apoptosis34).

There were mixed results among the different 
studies. A cross-sectional analysis supported the 
association between serum 25(OH)D levels and a 
lower risk of insulin resistance 35). However, 
prospective studies reported that insulin resistance was 
not associated with serum 25(OH)D levels36). SEM 
was employed to evaluate the associations among 
serum 25(OH)D levels, dyslipidemia, and insulin 
resistance37). The results of our study indicated that 
the association between serum 25(OH)D levels and 
dyslipidemia cannot be explained by the mediator of 
insulin resistance. 

A bidirectional Mendelian randomization study 
involving 294,970 participants reported an association 
between vitamin D deficiency and elevated level of 
C-reactive protein14). Therefore, we conducted SEM 
analyses to investigate the potential role of C-reactive 
protein in the association between vitamin D and 
atherogenic dyslipidemia. However, our analyses 
revealed that elevated hs-CRP was not significantly 
associated with increased markers for atherogenic 
dyslipidemia. Consequently, it appears that the 
mechanism linking atherogenic dyslipidemia and 
vitamin D levels does not involve elevated hs-CRP.

Vitamin D deficiency-induced dyslipidemia may 
also be caused by elevated levels of parathyroid 
hormone (PTH) 38). Excess PTH could lead to 
uncontrolled inflammation and worsened pancreatic 
beta-cell dysfunction30). Serum calcium was regulated 
by PTH. A previous study linked vitamin D deficiency 
and arterial stiffness to PTH39). A previous study has 
proposed that insoluble calcium-fatty acid complexes 
can reduce the absorption of fatty acids from the 
intestine and further decrease serum cholesterol 
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Supplemental Fig. 1. The scatter plots for vitamin D and lipid markers using non-linear regression
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Supplemental Table 1.  The odds ratio of LDL-TG ≥ 75th percentile in specific subgroup analyses by logistic regression model
with 25(OH)D as a continuous independent variable

Subgroup N/Subgroup Odds ratio 95% CI p value p value for interaction

Overall 246/976 0.796 0.650 – 0.974 0.026
Sex

Men 143/407 0.977 0.755 – 1.265 0.860 0.075
Women 103/569 0.578 0.416 – 0.802 0.001

Age
≥ 30 y/o 195/679 0.788 0.628 – 0.988 0.039 0.562
＜30 y/o 51/297 0.859 0.541 – 1.363 0.518

BMI
≥ 24 kg/m2 104/343 0.834 0.614 – 1.131 0.243 0.701
＜24 kg/m2 103/633 0.784 0.596 – 1.031 0.082

Smoking
Yes 52/132 0.855 0.525 – 1.392 0.528 0.654
No 194/844 0.790 0.631 – 0.989 0.040

Exercise
Yes 111/566 0.767 0.581 – 1.014 0.062 0.396
No 135/410 0.822 0.603 – 1.121 0.216

The odds ratio per interquartile range increase in 25(OH)D levels was calculated for each subgroup.
Q1 lower quartile of 25(OH)D: 13.23 ng/mL; Q3 upper quartile of 25(OH)D: 23.58 ng/mL 
Interquartile range of 25(OH)D=10.35 ng/mL
The models were adjusted for age, sex, body mass index, systolic blood pressure, serum creatinine, HOMA-IR, hsCRP, serum calcium level, alcohol 
consumption, cigarette smoking, education level and regular exercise habits, except for the variable in the subgroup analysis.

Supplemental Table 2.  The odds ratio of sdLDL-C ≥ 40 mg/dL in specific subgroup analyses by logistic regression model with 
25(OH)D as a continuous independent variable

Subgroup  N/Subgroup Odds ratio 95% CI p value p value for interaction

Overall 246/976 0.709 0.537 – 0.937 0.016
Sex

Men 143/407 0.775 0.567 – 1.059 0.109 0.260
Women 103/569 0.504 0.272 – 0.934 0.030

Age
≥ 30 y/o 195/679 0.754 0.557 – 1.020 0.067 0.609
＜30 y/o 51/297 0.498 0.227 – 1.096 0.083

BMI
≥ 24 kg/m2 104/343 0.760 0.545 – 1.060 0.078 0.598
＜24 kg/m2 103/633 0.688 0.405 – 1.167 0.165

Smoking
Yes 52/132 0.843 0.490 – 1.452 0.538 0.604
No 194/844 0.678 0.489 – 0.939 0.019

Exercise
Yes 111/566 0.786 0.514 – 1.203 0.267 0.955
No 135/410 0.753 0.503 – 1.127 0.168

The odds ratio per interquartile range increase in 25(OH)D levels was calculated for each subgroup.
Q1 lower quartile of 25(OH)D: 13.23 ng/mL; Q3 upper quartile of 25(OH)D: 23.58 ng/mL 
Interquartile range of 25(OH)D=10.35 ng/mL
The models were adjusted for age, sex, body mass index, systolic blood pressure, serum creatinine, HOMA-IR, hsCRP, serum calcium level, alcohol 
consumption, cigarette smoking, education level and regular exercise habits, except for the variable in the subgroup analysis.
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Supplemental Fig. 2.  The relationships between serum 25(OH)D levels, insulin resistance, and lipid markers by structural 
equation modeling (SEM) analysis



539

Adequate Serum 25(OH)D and Dyslipidemia

p p  p

Supplemental Fig. 3.  The relationships between serum 25(OH)D levels, hsCRP, and lipid markers by structural equation 
modeling (SEM) analysis
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