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Abstract: Background. An unanswered question in the field of nutrition is whether there is an
association between vitamin D intake and the lipid profile in adults. We conducted this cross-
sectional study in order to investigate the impact of vitamin D intake on the lipid profile of adults
in the context of the 2017-2018 National Health and Nutrition Examination Survey (NHANES).
Methods. Serum lipids and high-sensitivity C-reactive protein (hs-CRP) concentrations and the
Vitamin D intake in 2588 people aged 19 to 70 years was collected using laboratory analysis and
24-h recall, respectively. The one-way ANOVA test was used to compare quantitative variables and
the chi-squared test was used to compare qualitative ones. Multivariate logistic regression for three
models was performed to assess the odds ratio (OR) of high total cholesterol (TC) (>200 mg/dL),
triglycerides (TG) (>150 mg/dL), low-density lipoprotein cholesterol (LDL-C) (>115 mg/dL), high-
density lipoprotein cholesterol (HDL-C) (<40 mg/dL) and hs-CRP (>1 mg/1) based on the tertiles
of dietary vitamin D (D2 + D3) intake. Results. After adjusting for age, sex, race, body mass index,
serum 25-hydroxyvitamin D2, alcohol intake, energy intake, protein intake, carbohydrate intake,
fiber intake and fat intake, individuals in the tertile with the highest versus lowest vitamin D intake
(>1 mcg/day vs. <0.10 mcg/day) had lower odds of displaying elevated TC, LDL-C and hs-CRP
concentrations (OR 0.57; CI: 0.37 to 0.88; P-trend: 0.045, OR 0.59; CI: 0.34 to 1.01; P-trend: 0.025
and OR 0.67; CI: 0.45 to 0.99; P-trend: 0.048, respectively). Based on the results of the logistic
regression, no correlation between vitamin D intake and changes in TG or HDL-C values was noted.
Conclusions. Our cross-sectional study indicates that higher dietary vitamin D (D2 + D3) intake is
associated with lower TC, LDL-C and hs-CRP levels. No relationship between dietary vitamin D
intake and TG or HDL-C values was detected. Further large-scale randomized trials are needed to
evaluate the actual association between dietary vitamin D intake and the lipid profile.

Keywords: vitamin D; lipid profile; triglycerides; total cholesterol; LDL-C; HDL-C; cross-sectional

1. Introduction

Vitamin D, a fat-soluble vitamin functioning as a steroid hormone, can be obtained
from the diet or synthesized in the skin with exposure to ultraviolet (UV) light. The role of
vitamin D in calcium and phosphorus homeostasis is well-known. Vitamin D deficiency is
associated with the presence of cardiovascular risk factors in adults and has been reported
to contribute to the high worldwide-incidence of cardiovascular disease (CVD) [1]. CVD is

Life 2023, 13, 581. https://doi.org/10.3390/1ife13020581

https:/ /www.mdpi.com/journal/life


https://doi.org/10.3390/life13020581
https://doi.org/10.3390/life13020581
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/life
https://www.mdpi.com
https://orcid.org/0000-0001-6433-5799
https://orcid.org/0000-0003-2800-0195
https://orcid.org/0000-0001-8224-4276
https://orcid.org/0000-0001-7133-8875
https://doi.org/10.3390/life13020581
https://www.mdpi.com/journal/life
https://www.mdpi.com/article/10.3390/life13020581?type=check_update&version=2

Life 2023, 13, 581

20f13

the major cause of mortality in the United States today [2]. Ergocalciferol (vitamin D2) and
cholecalciferol (vitamin D3) together form vitamin D. Vitamin D2 is formed by the action
of UV irradiation of ergosterol and vitamin D3 is formed by the action of UV irradiation
of cholesterol [3]. Vitamin D deficiency can play a significant role in the development of
CVD [4]. Vitamin D plays a major role in controlling blood pressure, increasing resistance
of the vasculature and preventing the onset of CVD [5]. Another proposed mechanism
in the relationship between vitamin D deficiency and CVD is vitamin D’s effect in the
regulation of the lipid profile [6].

Vitamin D deficiency results in low levels of high-density lipoprotein cholesterol
(HDL-C) [7]. There is robust evidence that deficiency of vitamin D results in increased
LDL-C concentrations [8]. The deficiency of vitamin D3 is linked to a high risk of dyslipi-
demia. This seems to be the reason for why vitamin D deficient individuals exhibit an
elevated risk of CVD [9]. Evidence also states that deficiency of vitamin D results in raised
total cholesterol (TC) levels. Hence, vitamin D administration could be used to decrease
LDL-C and TC values and increase HDL-C levels, the latter known for its cardioprotective
actions [10]. According to some authors, supplementation with vitamin D has been shown
to display benefits in terms of cardiovascular health, primarily by reducing TC, LDL-C and
triglycerides (TG) concentrations [11]. Other researchers have highlighted that high doses
of vitamin D supplements can also increase HDL-C levels [12].

Vitamin D2 is mainly obtained from plants and plant products, while vitamin D3 is
obtained from animal-sourced foods. However, it is vitamin D3 sources, rather than vitamin
D2, that contribute more to the dietary intake of vitamin D, as the sources of vitamin D3
are more abundant [13]. Published data have reported that high vitamin D contents are
found in fish liver, whereas muscle meat contains low vitamin D quantities. Milk and milk
products have low vitamin D contents if not fortified [14]. Since vitamin D is fat-soluble,
its absorption requires bile salts, and this process takes place mainly in the duodenum.
Vitamin D is absorbed with dietary fat in the small intestine and then transported into the
lymphatic system in the form of chylomicrons. The content of vitamin D is almost stable
in food. However, the intake of vitamin D from food is low, since foods rich in vitamin
D are not eaten regularly by people [15]. Several epidemiological studies have reported
that dietary patterns rich in micronutrients can prevent the onset of CVD [16,17]. Various
interventional studies have delineated the protective effect of dietary vitamins against CVD
development [18-20]. However, there are still conflicting findings in terms of the beneficial
effects of dietary vitamin D on CVD.

Studies focusing on the association between dietary vitamin D intake (D2 and D3)
and the lipid profile are scarce, since people do not regularly consume foods rich in
vitamin D. Among the several CVD risk factors, a major role is played by diet. Various
studies have improved our understanding on the relationship between nutrition and
CVD. Nevertheless, investigations with conflicting results often result in confusion among
healthcare professionals and the public [21]. This study was conducted with the aim of
deciphering the association between dietary vitamin D intakes and the main components
of the lipid profile, i.e., TC, TG, LDL-C and HDL-C levels and high-sensitivity C-reactive
protein (hs-CRP) in adults.

2. Materials and Methods

Study Design. National Health and Nutrition Examination Survey (NHANES) data
was used to assess the relationship between dietary vitamin D (D2 + D3) intake and TC, TG,
LDL-C and HDL-C levels. The NHANES is a study project designed to evaluate the health
and nutrition status of adults and children in the United States [22]. This annual survey
evaluates more than 10,000 subjects of all ages, sampled from the American population.
The NHANES measures demographic, socioeconomic and dietary information through
questionnaires, anthropometric information through body measurements and laboratory
information through blood and urine tests. Physical examinations consist of medical,
dental and physiological evaluations performed by trained medical personnel. Data used
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in our study were collected from the 2017 to 2018 NHANES results, with 700 people
participating in the investigation. In order to analyze with greater accuracy and avoid
bias, we only examined people aged 19 to 70 years old and excluded subjects who had
diabetes or were taking lipid-lowering or cholesterol-lowering medications or vitamin D
supplements in any form. Ethically, it can be noted that the National Center for Health
Statistics (NCHS), Centers for Disease Control and Prevention (CDC), has performed
statistical and epidemiological activities under the authority granted by the Public Health
Service Act (42 U.S.C. § 242 k).

Measurements. Baseline demographic characteristics, including information about
participants’ age, gender and general health were asked using a detailed questionnaire.
24-h recall (midnight to midnight) was used to estimate the mean daily consumption of
energy, water, dietary macronutrients (i.e., carbohydrates, protein, total fat and its subcat-
egories), micronutrients (i.e., water-soluble and fat-soluble vitamins and minerals), fiber,
caffeine, etc. The total intake of vitamin D was calculated by analyzing the food consumed
across the 24 h period. The health status of the participants and their potential comorbidi-
ties were assessed through interviews and physical examinations. In order to perform
biochemical evaluations, individuals” serum specimens were taken and stored frozen, then
shipped to the University of Minnesota, Minneapolis, MN, USA for further analysis. TC, TG
and HDL-C levels were analyzed by enzymatic assays using the Roche/Hitachi Cobas 6000
Analyzer (Roche Diagnostics, 9115 Hague Road, Indianapolis, IN, USA) [23-25]. LDL-C
was calculated using these three indicators by Friedewald’s formula: LDL-C = TC — HDL-C
— TG/5 [26]. Hs-CRP laboratory analysis was also done using the immunoturbidometry
method and a Roche Cobas 6000 Analyzer.

Statistical methods. All analyses were performed using the Statistical Package for
the Social Sciences (SPSS) software, version 26, and significant p-values of less than 0.05
were considered statistically significant for all tests. Normal distribution and homogene-
ity of variance were analyzed using Kolmogorov-Smirnov and Levene’s tests, respec-
tively. Classification of individuals was done based on the tertiles of dietary vitamin D
(D2 + D3) intake. To compare general characteristics between the tertiles of dietary vitamin
D (D2 + D3) intake, we used one-way ANOVA and chi-squared tests for quantitative and
qualitative variables, respectively. We carried out multivariate logistic regression in three
models to assess the risk of altered lipid profiles, e.g., high TC (>200 mg/dL), high TG
(>150 mg/dL), high LDL-C (>115 mg/dL), low HDL-C (<40 mg/dL) [27] and hs-CRP
(>1 mg/L) concentrations based on the tertiles of dietary vitamin D (D2 + D3) intake.
Logistic regression was adjusted for age and sex in model 2; age, sex, race, body mass
index (BMI) and serum 25-hydroxyvitamin D2 in model 3; and age, sex, race, BMI, serum
25-hydroxyvitamin D2, alcohol intake, energy intake, protein intake, carbohydrate intake,
fat intake and fiber intake in model 4. Finally, the depiction of logistic regression adjusted
odds ratios for serum lipids and hs-CRP concentrations based on tertiles of dietary vitamin
D intake was performed using Graphpad Prism 8.4.3 software.

3. Results

General characteristics of the subjects based on tertiles of dietary vitamin D (D2 + D3)
intakes can be seen in Table 1. The average age of the 700 participants in this study was
38.98 years. Most of the individuals in the highest tertile of vitamin D intake were male
(57.3%) and non-Hispanic Whites (31.3%). The one-way ANOVA analysis revealed that
there was no difference between the mean values of serum TC, TG, LDL-C and HDL-C
levels between vitamin D intake tertiles. The serum level of 25-hydroxy-vitamin D was
higher in people who received the highest amount of vitamin D compared to those who
received the lowest amount (60.95 £ 24.72 mg vs. 51.59 &+ 22.80 mg; p = 0.001). People who
received the third tertile of vitamin D had higher weight and waist circumference than
those who received the lowest third tertile (84.91 4= 24.72 mg vs. 81.88 & 23.13 mg; p = 0.023
and 99.04 & 18.49 vs. 97.24 &+ 16.82 mg; p = 0.031, respectively). There was no significant
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difference between BMI, serum high-sensitivity C-reactive protein levels and percentage of
smokers among the three tertiles (p > 0.05).

Table 1. Characteristics of NHANES participants in different quartiles of dietary vitamin D (D2 + D3)
intake. Values presented as mean and standard deviations. p-values were calculated by using the
one-way ANOVA test for continuous variables and chi-squared for categorical variables.

Vitamin D (D2 + D3) Intake Tertiles

1st (n = 80) 2nd (n = 236) 3rd (n = 384) p-Value !
Vitamin D (D2 + D3) <0.10 0.10-1.00 >1.00
intake (mcg)
Age 43.14 4+ 15.50 37.87 + 14.26 38.80 4+ 14.76 0.021
Sex (M/F) (%) 51.2/48.8 46.6/53.4 57.3/42.7 0.033
Race/Ethnicity (%)
Mexican American 17.5 12.7 20.3
Other Hispanic 3.8 6.8 9.9
Non-Hispanic White 25.0 23.7 31.3 <0.001
Non-Hispanic Black 37.5 41.9 23.2
Other
Races—Including 16.3 14.8 154
Multiracial Americans
Body weight (kg) 81.88 4+ 23.13 79.46 £ 23.40 84.91 4 24.41 0.023
Waist circumference (cm) 97.24 + 16.82 94.99 + 18.49 99.04 + 18.49 0.031
Body mass index (kg/mz) 29.40 + 8.04 28.42 +7.91 29.56 + 7.81 0.212
Serum total cholesterol 180.78 £39.17 17777 +37.70  183.77 + 37.63 0.174
(TC) (mg/dL) . . . . . . .
Serum triglycerides (TG) 85.08 & 47.57 86.14 & 51.65 100.51 + 62.68 0.081
(mg/dL)
Serum low-density
lipoprotein cholesterol 105.50 4+ 34.71 104.72 4+ 32.35 109.61 4 31.80 0.433
(LDL-C) (mg/dL)
Serum high-density
lipoprotein cholesterol 55.26 + 18.33 55.55 + 16.65 52.71 + 14.62 0.079
(HDL-C) (mg/dL)
Serum
25-hydroxy-vitamin D2 51.59 4 22.80 55.00 4+ 25.23 60.95 4 24.72 0.001
(nmol/L)
Serum high-sensitivity
C-reactive protein 3.33 +£4.86 3.90 + 8.02 3.56 +4.74 0.713
(mg/dL)
Smoking (Yes) (%) 54.3 51.9 62.2 0.118

Values were described as mean and standard deviation. ! p-values were calculated by using the one-way ANOVA
test for continuous variables and chi-squared for categorical variables. Significant P-values presented in bold.
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Table 2 provides the mean intakes of energy and macronutrients among the three
tertiles. Individuals in the second tertile of dietary vitamin D intake had significantly higher
intake of proteins and total fat. There was no noticeable difference in energy, carbohydrates
and total fiber intake among them.

Table 2. Macronutrients and energy intake according to the tertiles of dietary vitamin D
(D2 + D3) intake.

Vitamin D (D2 + D3) Intake Tertiles

1st (<0.10 mcg/d; 2nd (0.10-1.00 mcg/d; 3rd (>1.00 mcg/d;

n = 1882) n = 236) n = 384) p-Value !
Energy (kcal/day) 2673.00 & 179.32 3308.13 + 260.30 2992.29 + 244.82 0.093
Protein (g/day) 107.22 + 88.73 156.97 + 143.18 139.15 + 131.62 0.013
Carbohydrates (g/day) 269.66 + 217.59 276.35 + 268.25 318.51 + 346.90 0.174
Total fats (g/day) 129.91 + 110.23 175.51 + 147.42 131.50 + 151.87 0.001
Dietary fiber, total (g/day) 21.86 + 26.36 18.75 + 28.60 16.38 + 25.78 0.202

1 p-values were calculated by using the One-way ANOVA test. Significant p-values presented in bold.

Logistic-regression-adjusted odds ratios for serum lipids’ concentrations based on
tertiles of dietary vitamin D intake are displayed in Table 3. After adjusting for age, seXx,
race, body mass index, serum 25-hydroxyvitamin D2, alcohol intake, energy intake, protein
intake, carbohydrate intake, fiber intake and fat intake, individuals in the tertile with the
highest versus lowest vitamin D intake (>1 mcg/day vs. <0.10 mcg/day) had lower odds
of displaying elevated TC, LDL-C and hs-CRP concentrations (OR 0.57; CI: 0.37 to 0.88;
P-trend: 0.045, OR 0.59; CI: 0.34 to 1.01; P-trend: 0.025 and OR 0.67; CI: 0.45 to 0.99; P-trend:
0.048, respectively). Based on the results of the logistic regression, no correlation between
vitamin D intake and changes in TG or HDL-C values was noted in any of the models
(p > 0.05). Adjusted odds ratios and confidence intervals for TC, TG, LDL-C and HDL-C
values based on dietary vitamin D (D2 + D3) tertiles are shown in Figures 1-4.

1.5=
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2 0.5-
1 2 3

Vitamin D tertiles

Figure 1. Odds ratios and confidence intervals for total cholesterol (TC) values based on dietary
vitamin D (D2 + D3) tertile in the most adjusted model.



Life 2023, 13, 581 60f13

2.0
__1.5-
5 .
(o2}
£ 1.0 e B e
o
-
0.5- ) 4

Vitamin D tertiles

Figure 2. Odds ratios and confidence intervals for triglyceride (TG) values based on dietary vitamin
D (D2 + D3) tertiles in the most adjusted model.
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Figure 3. Odds ratios and confidence intervals for low density lipoprotein-cholesterol (LDL-C) values
based on dietary vitamin D (D2 + D3) tertiles in the most adjusted model.
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Figure 4. Odds ratios and confidence intervals for high density lipoprotein-cholesterol (HDL-C)
values based on dietary vitamin D (D2 + D3) tertiles in the most adjusted model.
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Table 3. Odds ratios and confidence intervals for high TC, TG, LDL-C and low HDL-C values based
on dietary vitamin D (D2 + D3) tertiles.

Vitamin D (D2 + D3) Intake Tertiles

(<0.10 mclgs/td; n=gp)  2nd(010-100meg/din=236) mcsgr/fl; n = 384) p-Value

Total Cholesterol (TC)

Model ! 1 0.91 (0.53 to 1.56) 0.66 (0.44 to 0.97) 0.219

Model 2 1 0.52 (0.15 to 1.85) 0.52 (0.22 to 1.19) 0.120

Model 3 1 1.27 (0.98 to 1.65) 1.03 (1.02 to 1.04) 0.068

Model 4 1 0.67 (0.37 to 1.22) 0.57 (0.37 to 0.88) 0.045
Triglyceride (TG)

Model ! 1 0.55 (0.15 to 1.93) 0.51 (0.22 to 1.18) 0.131

Model 2 1 0.52 (0.14 to 1.86) 0.53 (0.23 to 1.23) 0.129

Model 3 1 0.56 (0.15 to 2.01) 0.55 (0.23 to 1.28) 0.169

Model 4 1 0.46 (0.12 to 1.67) 0.54 (0.23 to 1.26) 0.104
Low-density lipoprotein cholesterol (LDL-C)

Model 1 0.61 (0.28 to 1.31) 0.63 (0.38 to 1.05) 0.070

Model 2 1 0.54 (0.24 t0 1.19) 0.63 (0.38 to 1.06) 0.045

Model 3 1 0.52 (0.23 to 1.87) 0.61 (0.35 to 1.06) 0.043

Model 4 1 0.49 (0.22 to 1.10) 0.59 (0.34 to 1.01) 0.025
High-density lipoprotein cholesterol (HDL-C)

Model ! 1 1.27 (0.79 to 2.04) 0.84 (0.4 to 1.57) 0.986

Model 2 1 0.78 (0.41 to 1.49) 1.12 (0.69 to 1.82) 0.710

Model 3 1 0.72 (0.36 to 1.44) 0.99 (0.59 to 1.66) 0.457

Model 4 1 0.69 (0.34 to 1.40) 0.91 (0.54 to 1.56) 0.345

Model !: crude mode. Model 2: adjusted for age, sex. Model 3. adjusted for age, sex, race, BMI and serum
25-hydroxyvitamin D2. Model 4, adjusted for age, sex, race, BMI, serum 25-hydroxyvitamin D2, alcohol intake,
energy intake, protein intake, carbohydrate intake, fiber intake and fat intake p-values were calculated by using

the one-way ANOVA test. Significant p-values presented in bold.

Table 4 presents the multivariable-adjusted OR for high hs-CRP based on tertiles
of dietary vitamin D. Higher daily vitamin D intake (third tertile vs. first tertile) was
linked with lower hs-CRP concentrations (OR 1.38; CI: 1.24 to 1.53; P-trend < 0.001) after
adjustment for age, sex, race, BMI, serum 25-hydroxyvitamin D2, alcohol intake, energy
intake, protein intake, carbohydrate intake, fiber intake and fat intake was computed.
Adjusted odds ratios and confidence intervals for hs-CRP values based on dietary vitamin

D (D2 + D3) tertiles are shown in Figure 5.
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Table 4. Odds ratios and confidence intervals for high hs-CRP values based on dietary vitamin D
(D2 + D3) tertiles.

Vitamin D (D2 + D3) Intake Tertiles

1st 2nd 3rd
(<010 meg/d; n=80)  (0.10-1.00 mcg/d; n =236)  (>1.00 mcg/d; n = 384) p-Value
High-sensitivity C-reactive Protein (hs-CRP)
Model ! 1 0.80 (0.56 to 1.15) 0.86 (0.51 to 1.45) 0.336
Model 2 1 0.76 (0.44 to 1.29) 0.78 (0.54 to 1.13) 0.174
Model 3 1 0.70 (0.41 to 1.21) 0.75 (0.51 to 1.08) 0.096
Model * 1 0.66 (0.38 to 1.15) 0.67 (0.45 to 0.99) 0.048

Model !: crude mode. Model 2: adjusted for age, sex. Model 3: adjusted for age, sex, race, BMI and serum
25-hydroxyvitamin D2. Model 4. adjusted for age, sex, race, BMI, serum 25-hydroxyvitamin D2, alcohol intake,
energy intake, protein intake, carbohydrate intake, fiber intake and fat intake. p-values were calculated by using
the one-way ANOVA test. Significant p-values presented in bold.
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Figure 5. Odds ratios and confidence intervals for high-sensitivity C-reactive protein (hs-CRP) values
based on dietary vitamin D (D2 + D3) tertiles in most adjusted model.

4. Discussion

It is well-known that abnormal lipid levels are a risk factor for CVD. As such, screening
for and reducing the prevalence of cardiovascular risk factors remains an essential step
in the prevention of CVD and its complications [27]. Dietary intakes of macronutrients
and micronutrients have been shown to influence serum lipids” concentrations and it has
been revealed that dyslipidemia is a significant risk factor for the onset of CVD [27,28]. Our
assessment was conducted to assess the impact of dietary vitamin D intake on serum lipids’
concentrations and its benefits in terms of cardiovascular protection. On the one hand,
our findings suggest that higher dietary intakes of vitamin D (D2 + D3), i.e., >1 mcg/day
versus <0.10 mcg/day, were linked with lower odds of displaying higher TC and LDL-C
concentrations. Additionally, individuals who consumed larger quantities of vitamin D had
lower hs-CRP concentrations (lower levels of inflammation). On the other hand, elevated
dietary intakes of vitamin D were not associated with high HDL-C or TG serum levels.

Serum 25-hydroxy-vitamin D2 levels mirrored the elevation in daily consumption
of vitamin D among the three tertiles of vitamin D intake in our study. Vitamin D2 is
mainly obtained from plants and plant products like mushrooms, [13] and there are limited
dietary sources of vitamin D2 [29]. Thus, we may hypothesize that the diet of individuals
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in the highest tertile of vitamin D intake might contain a larger amount of plants and plant
products rich in vitamin D2.

Adequate consumption of foods rich in vitamin D can maintain normal levels of
vitamin D in healthy individuals. However, there are not many sources of dietary vitamin
D. Vitamin D3 and 25-hydroxy-vitamin D3 can be found primarily in fish (especially the
flesh of fatty fish and in fish liver oil), as well as egg yolk, beef liver and dairy products.
Vitamin D2, on the other hand, can be found in some species of mushrooms. Vitamin D
supplements or foods fortified with vitamin D can also be dietary sources of vitamin D,
especially for subjects who suffer from fat malabsorption, in the elderly or in infants, or in
individuals insufficiently exposed to sunlight [30]. Our results showed that individuals
in the intermediary/second tertile of dietary vitamin D intake (0.10-1 mcg/day) had
significantly higher intakes of protein and total fat than the lowest (<0.10 mcg/day) or
highest (>1 mcg/day) tertile. The impact of vitamin D on cardiometabolic risk factors is
partially dependent on the macronutrients contained in the diet [31]. In normal conditions,
vitamin D will form a complex with fiber and will be transported unabsorbed, forming
a bond with the fiber bile acid complex and being transported unabsorbed out of the
gut [32]. Differences in the pattern of dietary intakes of macronutrients can be attributed to
this variation in protein and fat consumption. Fish, liver and egg yolk are good sources
of vitamin D3. Vitamin D2 can be obtained from mushrooms [33]. These foods are rich
in protein and hence there is a high intake of protein. However, some sections of the
population, e.g., vegetarians (except for lacto-ovo-vegetarian) or vegans, might not consume
animal products (meat, seafood, eggs or dairy products). Interestingly, we might have
expected individuals with the highest dietary vitamin D intake to also consume more
proteins and fats due to their high content of vitamin D3. We may assume that these
subjects might have consumed more plant sources of vitamin D2 or that individuals who
consumed the highest amounts of fats and proteins consumed products that were not rich
in vitamin D.

In our study, higher dietary intakes of vitamin D were linked with lower odds of
displaying higher TC and LDL-C concentrations or hs-CRP values. No correlation was
detected between the vitamin D intake and changes in TG or HDL-C concentrations. Our
results contradict another investigation in which higher intakes of vitamin D in Caucasian
and Asian females were associated with lower TG values [34]. Thus, we may hypothesize
that gender and race might modulate the interplay between dietary consumption of vi-
tamin D and serum lipids” concentrations. The functions of vitamin D are also linked to
serum lipids” levels. Vitamin D is involved in regulating the metabolism of calcium. It
increases the absorption of intestinal calcium, helping to reduce fatty acids” absorption in
the intestine [35]. This reduction in the absorption of intestinal fat could lower serum TC
levels. Moreover, an increase in calcium levels would activate cholesterol conversion into
bile in the liver and promote the reduction of serum TC concentrations [36]. Our findings
were similar to some other studies [37,38]. Vogt et al. analyzed the relationship between
serum vitamin D levels and serum lipids” concentrations, discovering that obesity indices
can modulate the interplay between the two aforementioned variables. Lower HDL-C and
elevated TG concentrations were linked to reduced vitamin D values in subjects diagnosed
with obesity. However, in subjects with normal weight or who were overweight, there
was a positive association of vitamin D concentrations and TC and LDL-C, respectively,
contradicting our findings [37]. Thus, we may hypothesize that dietary patterns based on
foods rich in vitamin D might be associated with a decreased prevalence of abnormalities
of the lipid metabolism. Jeenduang and Sangkaew depicted negative correlations between
TC, LDL-C, TG and vitamin D levels in women. Females who did not suffer from vitamin
D insufficiency or deficiency had lower odds of having higher TG concentrations and lower
HDL-C concentrations [38]. These results are in partial agreement with our conclusions,
as we did not detect an association between TG and HDL-C values and vitamin D intake.
However, we did not analyze the relationship between serum vitamin D concentrations
with serum lipids’ concentrations, but of vitamin D dietary intake.
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Several investigations have been carried out to unravel the relationship between serum
vitamin D levels and the lipid profile. For example, a negative association between serum
vitamin D levels and TG in patients with hypertriglyceridemia was noted. However, vita-
min D levels were not linked with HDL-C concentrations in healthy people [39]. Another
study reported that there was no relationship between serum vitamin D2 levels and TG or
HDL-C values in healthy subjects [10]. Results of other investigations depicted a tendency
of serum vitamin D2 levels with TC and LDL-C concentrations to change in the same
direction. In addition, they demonstrated favorable differences between HDL-C and TG
levels for subjects in the highest quartile of vitamin D status. A detrimental, positive
association between vitamin D status and LDL-C values was also noted [40,41].

In many cross-sectional studies, serum vitamin D2 levels displayed a direct relation-
ship with HDL-C levels, as well as an inverse association between serum vitamin D2
levels and TG values. Some studies showed a positive association between the use of
vitamin D supplements and TG values, while others depicted negative associations [42].
Vitamin D has both direct and indirect effects on the modulation of the lipid profile. The
properties of vitamin D to reduce TG levels rely on its capacity to enhance the activity
of the lipoprotein lipase [43]. In our study, in the most adjusted model, although in a
non-significant way, we noted a tendency for TC, TG and LDL-C concentrations to decrease
in subjects with the highest tertile of vitamin D intake. However, controversy remains
regarding the impact of vitamin D on serum lipids” concentrations, as results from vari-
ous epidemiologic investigations [44,45] do not support the beneficial role of vitamin D
in improving the lipid profile [46]. Other assessments have hypothesized an impact of
vitamin D on lipoprotein (a) levels. Although its concentration remains stable throughout
our life, nutrients can lead to variations in lipoprotein (a) values. A nutritional investiga-
tion reported that serum lipoprotein (a) levels were directly correlated with changes in
the dietary intake of vitamin D [47]. In addition, vitamin D administration might benefit
certain population subgroups, e.g., postmenopausal women or cancer patients [48,49]. In a
recently published systematic review and meta-analysis of randomized controlled trials,
Zhang et al. highlighted that supplementation with vitamin D influences the lipid profile
in postmenopausal females. Administration of this micronutrient decreased TG concen-
trations and, in doses higher than 400 IU/day, also decreased LDL-C concentrations.
Additionally, vitamin D supplementation also elevated HDL-C values when the inter-
vention lasted less than 26 weeks. However, vitamin D supplementation for less than
26 weeks also increased TC levels [48].

Our assessment has several strengths and limitations. First, the association between
dietary intakes of both vitamin D2 and D3 and the lipid profile was assessed. Previous
studies have mainly focused on vitamin D2 intake alone. We also evaluated macronutrients
and energy intakes. The main limitation is the cross-sectional nature of the study, which
does not allow us to infer causality. Additionally, the 24-h recall method used to collect the
intake of macronutrients, energy and vitamin D could have resulted in recall bias. Future
interventional studies are needed to assess the causality between vitamin D intake and the
lipid profile.

5. Conclusions

Dietary intake of vitamin D2 and D3 resulted in significantly decreased TC, LDL-C
and hs-CRP concentrations. The properties of dietary vitamin D2 and D3 to modulate the
lipid profile and inflammation levels should be further investigated through large-scale
randomized trials.
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