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Exploring the unique association between
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and vitamin D deficiency in adults aged 20-
59: findings based on the NHANES database
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Abstract

Background Serum lipids are highly heritable and play an important role in cardiovascular and metabolic health.
However, the relationship between high-density lipoprotein cholesterol (HDL-C) and serum 25-hydroxyvitamin D
[25(0H)D] levels is unclear. This study aims to explore the association between serum 25(0OH)D levels and HDL-C in
adults aged 20-59.

Methods This cross-sectional study was based on data from the National Health and Nutrition Examination Survey
(NHANES). Multivariable logistic regression was used to assess the relationship between HDL-C and serum 25(0OH)D,
with further analysis using smooth spline fitting and generalized additive models.

Results A total of 28,084 adults were included in the study. After adjusting for multiple variables, we found a
significant positive correlation between HDL-C and serum 25(0OH)D levels (3=8.3, 95% Cl: 7.24-9.35, p < 0.001).
Stratified subgroup analysis by gender showed that females consistently exhibited a positive correlation (3=10.12,
95% Cl:9.07-11.18, p<0.001), while males demonstrated an inverted U-shaped relationship between HDL-C and
serum 25(OH)D.

Conclusion In the population aged 20-59, HDL-C levels are significantly associated with serum 25(0OH)D levels.
Clinically, simultaneous monitoring of HDL-C and vitamin D is recommended to better assess and manage
cardiovascular health. Increasing vitamin D intake should be considered, especially for males with low HDL-C levels, to
prevent related health issues.
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Background

In recent years, high-density lipoprotein cholesterol
(HDL-C) and vitamin D have gained widespread atten-
tion for their roles in cardiovascular and metabolic
health. HDL-C, known as “good” cholesterol, transports
excess cholesterol from peripheral tissues to the liver for
metabolism and has anti-inflammatory and antioxidant
properties crucial for cardiovascular protection. Typi-
cally, HDL-C levels are inversely associated with the risk
of cardiovascular diseases, with low levels considered a
significant risk factor for atherosclerosis and other car-
diovascular conditions [1].

Vitamin D, a fat-soluble vitamin, is synthesized in the
skin upon exposure to ultraviolet light and is also obtain-
able through diet. Its 25-hydroxyvitamin D [25(OH)D]
form is particularly crucial for bone health, facilitating
calcium absorption and influencing bone metabolism
significantly [2—4]. Deficiency in vitamin D has been
linked to a spectrum of health issues, including osteopo-
rosis, cardiovascular diseases, and compromised immune
function [3]. Studies suggest that insufficient vitamin D
levels may lead to insulin resistance, heightened inflam-
mation, and impaired immune responses, all contribut-
ing to an elevated risk of chronic diseases [1, 5-8] .

Despite some research exploring the correlation
between HDL-C and vitamin D, studies specifically
investigating the relationship between these two bio-
markers remain limited. One notable study examined the
association between 25(OH)D levels and various lipid
components across a large sample, highlighting a statis-
tically significant link between vitamin D deficiency and
an atherogenic lipid profile [9]. Additional meta-analy-
ses have provided insights into the effects of vitamin D
supplementation on lipid profiles, revealing reductions
in triglycerides (TG) alongside changes in HDL-C and
LDL-C levels. However, discrepancies exist among find-
ings, particularly evident in studies involving patients
with conditions like polycystic ovary syndrome (PCOS),
where vitamin D supplementation did not consistently
improve HDL-C and TG levels [10].

The distinct roles of HDL-C and vitamin D in health
are well-established, yet their interplay remains insuf-
ficiently explored, especially within the adult population
aged 20 to 59 years. Some evidence suggests that vitamin
D may elevate HDL-C levels by inhibiting cholesterol
ester transfer protein (CETP) activity, while high HDL-C
levels might enhance vitamin D metabolism through
anti-inflammatory and antioxidant mechanisms [11,
12]. However, these mechanisms require broader valida-
tion, given the varied outcomes reported across different
studies.

Understanding the relationship between HDL-C and
vitamin D could yield novel insights into their collec-
tive impact on public health, particularly in preventing
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cardiovascular diseases and promoting bone health.
Additionally, gender differences may play a significant
role in this relationship. Differences in hormone levels,
metabolic characteristics, and lifestyle between men and
women may influence the interplay between HDL-C and
vitamin D. Therefore, this study specifically focuses on
how gender moderates the relationship between HDL-C
and 25(OH)D. This study utilizes data from the National
Health and Nutrition Examination Survey (NHANES)
from 2003 to 2018 to explore the association between
serum HDL-C levels and 25(OH)D. By addressing these
gaps, the study aims to contribute valuable knowledge
that could inform strategies for enhancing cardiovascular
and bone health outcomes.

Methods

Data source and study participants

The data for this study were derived from the National
Health and Nutrition Examination Survey (NHANES) for
the years 2003 to 2018. After excluding individuals with
missing HDL or 25(OH)D data, those outside the 20 to 59
age range, and those with a diagnosis of cancer, a total of
28,084 participants were included in the analysis (Fig. 1).

Study variables

In NHANES 2003-2018, HDL-C was measured using
the direct immunoassay method, and 25(OH)D levels
were measured using liquid chromatography-tandem
mass spectrometry (LC-MS/MS). Control variables
included age, gender, race(categorized as Latino/Latina,
Caucasian (excluding those of Hispanic origin), African
American (excluding those of Hispanic origin), or vari-
ous additional racial backgrounds), Metric for assessing
body composition based on height-to-weight ratio (BMI),
Smoking habits (classified as positive if an individual has
inhaled smoke from a minimum of one hundred ciga-
rettes over their lifespan), Alcohol intake (4 or 5 cups or
more per day), Presence of health issues like diabetes and
high blood pressure (as diagnosed by healthcare profes-
sionals), total calcium, serum phosphate, ALT, AST, uric
acid, creatinine, and urea nitrogen, as well as physical
activity. Participants were grouped based on quartiles
of HDL-C levels (Q1 being the lowest and Q4 the high-
est) to study the relationship between different HDL-C
levels and serum 25(OH)D. Subgroup analyses based on
gender were also conducted to explore potential gen-
der differences in the relationship between HDL-C and
25(OH)D. All analyses were performed using R software
and EmpowerStats, with a significance level set at 0.05.
Detailed explanations of the computation methods for
these variables are provided on the NHANES website
(https://www.cdc.gov/nchs/nhanes/).
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Total participants from
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Fig. 1 Flow chart of the screening process for the selection of eligible participants in NHANES 2003-2018

Statistical analysis

Missing data were handled using multiple imputation by
chained equations (MICE) to generate 5 complete data-
sets, analyzed separately and combined using Rubin’s
rules. To address dataset variability, weighted methods
and variance estimation techniques were used. The rela-
tionship between HDL-C and serum 25(OH)D levels was
analyzed using weighted multivariable logistic regression
to adjust for multiple covariates, minimizing confound-
ing effects. Weighted chi-square tests were used for cate-
gorical variables, while weighted linear regression models
were used for continuous variables. Stratified multivari-
able regression analysis explored subgroup differences,
and smoothing spline fitting and generalized additive
models (GAMs) addressed non-linearity. Analyses were
performed using R software and EmpowerStats, with sig-
nificance set at 0.05.

Results

Demographic characteristics

Table 1 shows that with increasing HDL-C levels, partici-
pants tended to be younger, more physically active, more
educated, and more likely to be female and Non-Hispanic
White. Higher HDL-C levels were also associated with
lower BMI, ALT, serum uric acid, urea nitrogen, creati-
nine levels, and lower prevalence of diabetes and hyper-
tension, indicating better overall health profiles (?<0.001
for all comparisons).

Overall relationship and gender-specific analysis

Table 2 shows that in the fully adjusted model (Model
3), there is a significant positive correlation between
high-density lipoprotein cholesterol (HDL-C) levels and
serum 25-hydroxyvitamin D [25(OH)D] levels, with a
coefficient of 8.30 (95% CI: 7.24—9.35, P<0.0001). When
analyzing by HDL-C quartiles, the highest quartile
(Q4) had serum 25(OH)D levels that were 9.74 mmol/L
higher than the lowest quartile (Q1) (95% CI: 8.50-10.98,
P<0.0001). Gender-specific analysis revealed a strong
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Table 1 Weighted characteristics of the study population based on different cut-off values of high-density lipoprotein cholesterol

Cholesterol (mmol/L) Q1 Q2 Q3 Q4 P-value
0.26- 1.135 1.14-1.36 1.37-1.655 1.66 - 5.07
N 6431 6989 7312 7352
Age(years) 3767 £11.77 36.57+12.01 3630+ 12.14 36.23+12.02 <0.001
Sex, n (%) <0.001
Male 4232 (65.81%) 3666 (52.45%) 3091 (42.27%) 2292 (31.18%)
Female 2199 (34.19%) 3323 (47.55%) 4221 (57.73%) 5060 (68.82%)
Race/ethnicity (%)
Non-Hispanic White 59.56 5827 59.62 63.76
Non-Hispanic Black 12.59 12.33 10.58 7.03
Mexican American 12.55 12.61 10.74 7.04
Other race/ethnicity 18.89 17.62 17.57 15.35
Education level (%)
Less than high school 18.67 13.62 11.79 9.24
High school 2449 23.01 2343 19.46
More than high school 56.92 6247 64.51 71.34
Moderate activities (%)
Yes 66.14 67.83 75.09 75.36
No 33.95 33.17 2491 2440
Body mass index (kg/m2) 3093 £8.15 28.35+£2.84 2745 +£552 2643 £6.28 <0.001
ALT(U/L, mean+SD) 2899 +32.26 23.65+19.39 21.15+ 1565 19.77 £1743 <0.001
ASL(U/L, mean +SD) 26.10+19.23 2404 £13.90 2352 +£1448 2449 +20.34 <0.001
Blood urea nitrogen(mg/dL, mean+SD) 449+ 175 440+ 159 435+ 167 422 +1.70 <0.001
Creatinine(mg/dL, mean+SD) 80.28 +£32.58 73.08 +27.38 7254 +21.14 6741 +14.26 <0.001
Serum uric acid(umol/L, mean +SD) 344.01 + 84.54 316.65 £ 8146 29597 £78.56 27790+ 7834 <0.001
Total calcium(mg/dL, mean+SD) 9.30+0.35 9.36 £ 0.64 938+0.53 936+0.34 <0.001
Serum phosphorus(mg/dL, mean+SD) 391 +0.60 3.70+0.83 3.77 £0.75 3.85+0.74 <0.001
25(0OH)D(umol/L, mean +SD) 60.27 £ 23.66 64.09 £ 25.32 6563 £25.78 69.25 +£28.24 <0.001
Smoked at least 100 cigarettes in life (%) <0.001
Yes 1091 (3.88%) 2390 (8.51%) 1740 (6.20%) 1035 (3.69%)
No 3020 (10.75%) 7049 (25.09%) 5589 (19.90%) 6170 (21.97%)
Had at least 12 alcohol drinks/lifetime (%) 0.165
Yes 2721 (74.88%) 2473 (72.86%) 2523 (72.79%) 2607 (73.46%)
No 911 (25.07%) 921 (27.14%) 943 (27.21%) 940 (26.49%)
Diabetes (%) <0.001
Yes 532 (8.86%) 444 (6.80%) 388 (5.75%) 292 (4.26%)
No 5384 (89.63%) 6017 (92.13%) 6302 (93.32%) 6524 (95.09%)
Hypertension (%) <0.001
Yes 1493 (26.51%) 1383 (23.09%) 1365 (21.83%) 1324 (20.73%)
No 4120 (73.17%) 4596 (76.73%) 4875 (77.96%) 5053 (79.11%)

Mean £SD for continuous variables: the P value was calculated by the weighted linear regression model

(%) for categorical variables: the P value was calculated by the weighted chi-square test

positive correlation in females ($=9.69, 95% CI: 8.66—
10.72, P<0.0001) and a significant positive correlation in
males (B=4.62, 95% CI: 3.42-5.82, P<0.0001).

Threshold effect analysis
Figure 2 shows a positive correlation between HDL-C
and 25(OH)D levels, which remains significant after
adjusting for multiple covariates.

Figure 3 indicates a nonlinear trend in this relation-
ship. Table 3 provides a threshold effect analysis, identi-
fying an inflection point at 2.07 mmol/L for the general

population. Below this point, there is a significant posi-
tive correlation between HDL-C and 25(OH)D (3=10.07,
95% CIL: 8.49-11.65, P<0.0001), while above this point,
the correlation is not significant ( = -0.80, 95% CI: -5.32-
3.72, P=0.7294).

The association between high-density lipoprotein
cholesterol (HDL-C) and serum 25-hydroxyvitamin D
(25(OH)D). Adjustments were made for Adjusted for age,
gender, race, education level, BMI, having smoked at least
100 cigarettes in lifetime, alcohol consumption, Moder-
ate activities, diabetes status, hypertensionstatus, total
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Table 2 The relationship between high-density lipoprotein cholesterol and 25(0OH)D levels

Model 1 B (95% Cl) P value

Model 2 B (95% Cl) P value Model 3 B (95% Cl) P value

HDL cholesterol
7.56 (6.82,8.30)<0.0001
Quintiles of direct HDL cholesterol

0.26-1.135 Reference

1.14-1.36 3.82(2.94,4.70) <0.0001

1.37-1.655 5.36 (4.49,6.22) <0.0001

1.66-5.07 8.98 (8.12,9.85) <0.0001

P for trend <0.001

Stratified by gender

Male 563 (447,6.78)
<0.0001

Female 10.12(9.11,11.14)
<0.0001

8.16 (7.39,8.92) <0.0001 8.30(7.24,9.35)<0.0001
Reference
3.28(2.10,4.45) < 0.0001
4.93 (3.73,6.13) <0.0001
9.74 (8.50,10.98) <0.0001
<0.001

Reference

4.09 (3.21,4.97)<0.0001
5.85(4.97,6.73)<0.0001
9.72(8.83,10.61) <0.0001
<0.001

5.59 (4.44,6.75) 4.62(342,5.82)

<0.0001 <0.0001
10.14(9.12,11.15) 9.69 (8.66, 10.72)
<0.0001 <0.0001

Model 1: Unadjusted for covariates. Model 2: Adjusted for age, gender, and race. Model 3: Adjusted for age, gender, race, education level, BMI, having smoked at
least 100 cigarettes in lifetime, alcohol consumption, Moderate activities,diabetes status, hypertension status, total calcium, serum phosphorus, ALT, AST, uric acid,
creatinine, and blood urea nitrogen.In the subgroup analysis stratified by gender, the model did not adjust separately for gender.

250HD
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Fig. 2 The association between high-density lipoprotein cholesterol (HDL-C) and serum 25-hydroxyvitamin D (25(0H)D). Each black point represents a
sample. Age, gender, race, education level, BMI, having smoked at least 100 cigarettes in a lifetime, alcohol consumption, moderate activities, diabetes
status, hypertension status, total calcium, serum phosphorus, ALT, AST, uric acid, creatinine, and blood urea nitrogen were adjusted

calcium, serum phosphorus, ALT, AST, uric acid, creati-
nine, and blood urea nitrogen.In the subgroup analysis
stratified by gender, the model did not adjust separately
for gender.

Gender-specific threshold effect

Figure 4 illustrates the gender-specific relationships
between HDL-C and serum 25(OH)D levels. In females,
there is a consistent positive correlation across the entire
range of HDL-C levels, with an inflection point at 1.84
mmol/L (=13.40 below the point, § = 3.66 above it,

P<0.001) (Table 4). For males, the relationship is non-lin-
ear, showing an inverted U-shaped curve with an inflec-
tion point at 1.66 mmol/L (3=10.70 below the point,
= -4,28 above it, P<0.001) Table 5. These results indicate
significant gender differences in the association between
HDL-C and 25(OH)D levels.

Discussion

The results of this study demonstrate a significant
positive correlation between HDL-C levels and serum
25(OH)D levels after adjusting for multiple confounding
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Fig. 3 The association between high-density lipoprotein cholesterol and serum 25-hydroxyvitamin D. The solid red line represents the smooth curve fit
between variables. The blue bands represent the 95% confidence interval from the fit. Age, gender, race, education level, BMI, having smoked at least 100
cigarettes in a lifetime, alcohol consumption, moderate activities, diabetes status, hypertension status, total calcium, serum phosphorus, ALT, AST, uric

acid, creatinine, and blood urea nitrogen were adjusted

Table 3 Analysis of the threshold effect of high-density lipoprotein cholesterol on serum 25(0OH)D based on a two-piece Linear

Regression Mode

25(0OH)D

Adjusted B (95% Cl) P value

Fitting by the standard linear model
Fitting by the two-piecewise linear model
Inflection point

Direct HDL cholesterol < 2.07(mmol/L)
Direct HDL cholesterol > 2.07(mmol/L)
Log likelihood ratio

8.15(6.87,9.44) <0.0001

2.07

10.07 (849, 11.65) <0.0001
-0.80 (-5.32,3.72) 0.7294
<0.001

variables. This finding is consistent with previous stud-
ies that have also reported a positive correlation between
vitamin D and lipid levels.The data suggest that serum
25(0OH)D, particularly in its active form 1,25-dihy-
droxyvitamin D3 [1,25-(OH)2D3], may play a role in
modulating the secretion and mRNA expression of apo-
lipoprotein Al This protein serves as the primary apo-
lipoprotein component of HDL-C. Consequently, these
vitamin D-mediated effects could influence both the
quantitative levels and functional aspects of HDL-C
within the body [9, 13, 14]. HDL-C can reduce oxida-
tive stress by neutralizing free radicals, thereby protect-
ing vitamin D from oxidative degradation and promoting
its stability and function. Additionally, HDL-C’s anti-
inflammatory effects can improve cellular environments,
facilitating more effective vitamin D receptor activity and
signaling pathways.However, this study further discov-
ered a moderating effect of gender on this relationship,

showing a positive correlation in women (f=9.69, CL:
8.66, 10.72, p<0.0001), while in men, the relationship
between HDL-C and 25(OH)D followed an inverted
U-shaped curve .

In men, the relationship between HDL-C and 25(OH)
D forms an inverted U-shaped curve, possibly reflect-
ing that within a certain range of HDL-C levels, the pro-
tective effects of vitamin D are maximized, and outside
this range, these effects may diminish or reverse. This
inverted U-shaped relationship can be explained from
several aspects:

+ Biological Mechanisms: HDL-C and vitamin D
are involved in critical metabolic pathways, with
HDL-C enhancing vitamin D metabolic activity
through its anti-inflammatory and antioxidant
properties. Excessively high levels of HDL-C may
activate negative feedback regulation, inhibiting
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Fig. 4 The association between high-density lipoprotein cholesterol and serum 25-hydroxyvitamin D stratified by gender. Age, race, education level, BMI,
having smoked at least 100 cigarettes in a lifetime, alcohol consumption, moderate activities, diabetes status, hypertension status, total calcium, serum
phosphorus, ALT, AST, uric acid, creatinine, and blood urea nitrogen were adjusted

Table 4 Stratified by gender

25(0H)D

Adjusted B (95% Cl) P value

Female

Fitting by the standard linear model
Fitting by the two-piecewise linear model
Inflection point

Direct HDL cholesterol < 1.84(mmol/L)
Direct HDL cholesterol > 1.84(mmol/L)
Log likelihood ratio

10.12 (9.07,11.18) <0.0001

1.84

1340 (11.82, 14.98) <0.0001
3.66(1.12,6.21)<0.0001
<0.001

Table 5 Stratified by gender

25(0H)D

Adjusted B (95% Cl) P value

Male

Fitting by the standard linear model
Fitting by the two-piecewise linear model
Inflection point

Direct HDL cholesterol < 1.66(mmol/L)
Direct HDL cholesterol > 1.66(mmol/L)
Log likelihood ratio

5.63 (4.53,6.73)<0.0001

1.66

10.70 (9.06, 12.34) <0.0001
-4.28 (-6.90,-1.67) 0.0013
<0.001

The association between high-density lipoprotein cholesterol (HDL-C) and serum 25-hydroxyvitamin D (25(OH)D) is stratified by gender. Adjustments were made
for age, race, education level, BMI, having smoked at least 100 cigarettes in lifetime, alcohol consumption, Moderate activities,diabetes status, hypertensionstatus,

total calcium, serum phosphorus, ALT, AST, uric acid, creatinine, and blood urea nitrogen.

the synthesis of vitamin D [15]. In men, androgens

regulate key enzymes in lipid metabolism, such as
hepatic lipase, impacting the levels of HDL-C and

vitamin D. Appropriate levels of androgens promote

a steady state of HDL-C, thereby supporting
efficient transport and metabolism of vitamin D.
However, excessively high androgen levels reduce

HDL-C, decreasing the bioavailability of vitamin D
and leading to potential deficiencies. This dynamic
regulation could explain the inverted U-shaped
relationship observed between HDL-C and vitamin
D in men [16].

Nutritional and Lifestyle Factors: Dietary habits,
physical activity, and other lifestyle choices can
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differently impact HDL-C levels. High levels

of HDL-C might be associated with a healthy
lifestyle, whereas excessively high levels could

reflect certain pathological states such as familial
hypercholesterolemia, negatively influencing vitamin
D metabolism [17].

« Statistical and Methodological Explanations: The
inverted U-shaped curve identified in statistical
models might also be influenced by unadjusted
confounding factors that subsequently affect vitamin
D levels [17, 18].

+ In women, the relationship between HDL-C and
25(OH)D shows a consistent positive correlation,
which may be related to the unique hormonal
environment and metabolic characteristics of
females. Estrogen, a key female hormone, plays
a pivotal role in cardiovascular protection by
modulating lipid metabolism. Estrogen not only
boosts the amount of cardioprotective lipid-protein
complexes but also diminishes the quantity of
potentially harmful fat-carrying particles in the
bloodstream [17, 19]. Moreover, estrogen enhances
the functionality of vitamin D receptors, thereby
augmenting both the bioavailability and efficacy
of vitamin D, and consequently influencing its
metabolic pathways [11, 20]. Additionally, women
may prefer a diet high in fiber and low in fat, which is
associated with higher HDL-C levels and improved
vitamin D status. The level of physical activity, which
is generally linked to better lipid profiles and vitamin
D levels, may differ significantly between genders,
further influencing these biomarkers. On the genetic
level, gender-specific genetic differences may also
affect lipid and vitamin D metabolism. For instance,
specific genetic variants that influence lipoprotein
metabolism may exhibit different phenotypes in
women, further exacerbating biochemical differences
between genders. Genetic variations directly related
to estrogen levels and receptor activity may alter
vitamin D metabolic pathways, affecting its activity
and functionality in the body. The combined effects
of these factors highlight the biological complexity
of women in the relationship between HDL-C and
vitamin D.

«+ DPublic Health Implications: The results of this
study have important public health implications.
Given the critical roles of both HDL-C and vitamin
D in cardiovascular health, it is recommended
to monitor these two indicators concurrently in
clinical practice to more comprehensively assess and
manage patients’ cardiovascular risk. Additionally,
our findings suggest that for individuals, particularly
men, with lower HDL-C levels, improving their
health status by increasing vitamin D intake should
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be considered. This advice is particularly important
in preventing osteoporosis and other diseases related
to vitamin D deficiency.

+ Study Limitations: This study has several limitations.
As a cross-sectional study, we can only provide
associative evidence between HDL-C and 25(OH)
D, not causal relationships. Despite adjusting for
various confounding factors, there might still be
other unadjusted confounding factors affecting the
results. Moreover, due to limitations in sample size
and representativeness, the generalizability of the
study results may be affected. Future research could
use longitudinal designs and larger sample sizes to
further verify and expand our findings.

Conclusion

This study demonstrates a significant positive correlation
between HDL-C levels and serum 25(OH)D levels, with
notable gender-specific differences. In females, the rela-
tionship is consistently positive, while in males, it follows
an inverted U-shaped curve. These findings highlight the
importance of considering gender when evaluating the
relationship between HDL-C and vitamin D levels. The
clinical and public health implications are significant.
Concurrent monitoring of HDL-C and vitamin D levels is
recommended to provide a more comprehensive assess-
ment of cardiovascular risk. For individuals, particularly
males with lower HDL-C levels, increasing vitamin D
intake should be considered to improve overall health
and prevent deficiencies related to cardiovascular and
skeletal health.

Abbreviations
HDL High density lipoproteins

HDL-C High-density lipoprotein cholesterol
NHANES  National Health and Nutrition Examination Survey
25(OH)D 25-Hydroxyvitamin D
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