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Abstract
Objective In previous studies, serum vitamins were shown associated with lipid levels. However, evidence
regarding the associations between various serum vitamins and serum lipids is limited. Therefore, the
associations between serum vitamins and serum lipids were investigated in this cross-sectional study.

Methods The study population included 131 adults (42 males and 89 females) ≥ 18 years of age who
lived more than three years in Shenyang, Liaoning province, China. Serum lipids included total cholesterol
(TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C). Analysis of covariance was used to explore the associations between serum vitamins and
serum lipids.

Results After multiple adjustments, vitamin A and vitamin C concentrations were positively associated
with LDL-C level ( P for trend < 0.05). Vitamin A, vitamin B5, and vitamin C concentrations were positively
associated with TG level ( P for trend < 0.05). However, vitamin B1 concentration was negatively
associated with TG level ( P for trend = 0.04). Vitamin E concentration was positively associated with
HDL-C level ( P for trend = 0.02). No association was observed between vitamin concentrations and TC
level.

Conclusion The results in the present study indicate that serum vitamin concentrations are associated
with serum lipid levels. Vitamin B1 and vitamin E concentrations were associated with a better status of
lipid pro�les. However, vitamin A, vitamin C, and vitamin B5 concentrations were associated with a worse
status of lipid pro�les.

Background
Dyslipidemia was shown in epidemiology studies to be an important risk factor for coronary artery
disease, cerebral infarction, as well as other cardiovascular and cerebrovascular diseases [1–3]. The role
of high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), and low-density lipoprotein cholesterol
(LDL-C) have been identi�ed as predictors of cardiovascular disease [4]. Along with the rapid economic
development and the subsequent adverse lifestyle changes (e.g., high intake of dietary saturated fat), the
prevalence of dyslipidemia in the Chinese population has signi�cantly increased [5]. Serum lipids include
total cholesterol (TC), TG, LDL-C, and HDL-C [6]. The main features of dyslipidemia include low HDL-C
levels, high LDL-C levels, high TC levels, and high TG levels [7]. The characteristics of dyslipidemia are
very complex and mainly due to genetic or environmental factors [8] as well as their interactions [9].
Therefore, formulating an effective method for the prevention of dyslipidemia has important public health
signi�cance.

Recent evidence showed that serum vitamin levels are closely associated with serum lipid levels [10, 11].
In a randomized controlled trial (RCT), the concentrations of TG and LDL-C were positively associated
with concentrations of vitamin A in obese and non-obese women [10]. In another RCT, serum vitamin E
was negatively associated with TC, TG, and LDL-C and positively associated with HDL-C [11]. In the
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majority of previous studies, the focus was on the associations between serum vitamins and serum lipids
in speci�c populations (e.g., obese people [10], cardiovascular disease patients [11], and diabetics [12]).
Furthermore, most studies involving Chinese subjects focused on the association between a single
vitamin, especially vitamin D, and serum lipids [13, 14]. However, the associations between other serum
vitamins and lipid pro�les have not been investigated. In addition, high TG levels were suggested in a
previous study as the most prevalent type of dyslipidemia in Northeast China, followed by high TC levels
[15]. Thus, the present study was designed to explore the associations between various serum vitamin
concentrations and serum lipid pro�les, including serum TC, TG, HDL-C, and LDL-C levels in a healthy
Northeast China population.

Materials And Methods
Population

In the present study, 166 participants were recruited from Shenyang, Liaoning province, China. The
present cross-sectional study was conducted in the Department of Health Examination Center, Shengjing
Hospital of China Medical University. Participants were invited to complete questionnaires which included
questions relating to their lifestyle, undergo a set of tests, and provide blood and other biological
specimens in the examination center. Participants who did not complete blood biochemical analyses
were excluded (n=35) and consequently, 131 subjects were included in the �nal analysis. Full informed
written consent was obtained from all the participants and the Ethics Committee of Shengjing Hospital of
China Medical University (Shenyang, China) gave ethical approval for the study.

Assessment of serum samples

After an overnight fast, venous blood samples were collected from all participants at the beginning of the
study. The blood samples were centrifuged and serum extracted. Sera were stored at 4°C until further use.
TC, TG, HDL-C, and LDL-C levels were analyzed using the Sysmex AU-5400 Automatic Biochemical
Analyzer. Serum vitamins were quanti�ed using a mass spectrometer. All tests were performed in the
Laboratory Medicine of Shengjing Hospital of China Medical University.

Assessment of covariates

All participants completed a self-administered semi-quantitative Food Frequency Questionnaire (FFQ)
that included questions regarding age, sex, total energy, and food items. Energy and nutrient intake were
estimated using the Chinese Food Composition Tables. Weight and height were measured by trained
medical staff using Body Composition Analyzers (TANITA, Japan). Body mass index (BMI) was
calculated using the following formula: BMI = Weight (kg)/Height (m2).

Statistical Analysis

Continuous variables were presented as means ± standard deviation (SD). Continuous variables not
following normal distribution were logarithmically transformed (serum vitamins and all serum lipids) for
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modeling. For the adjusted model, gender, age, BMI, and total energy intake were adjusted. Analysis of
covariance  was used to assess the associations between vitamins and serum lipids. All statistics were
two-tailed and a P-value < 0.05 was considered statistically significant. Data processing and statistics
were performed using the Statistical Analysis System 9.3 edition for Windows (SAS Institute Inc, Gary, NC,
USA).

Results
A total of 131 adults (89 females, 42 males) were recruited in the present study. The average age was
28.07 ± 10.72 years in males and 32.21 ± 13.98 years in females. The serum vitamin concentrations, TC,
TG, HDL-C, and LDL-C levels are shown in Table 1.

The associations between serum vitamin concentrations and TC level were shown in Table 2. The results
showed TC level was associated with vitamin A (P for trend < 0.001), vitamin B3 (P for trend = 0.02),
vitamin B6 (P for trend = 0.02), and vitamin E concentrations (P for trend < 0.01). However, after multiple
adjustments, no association was observed between vitamins and TC level.

Table 3 showed the association between serum vitamin concentrations and TG level. Vitamin A (P for
trend < 0.001) and vitamin B5 (P for trend < 0.01) concentrations were positively associated with TG level
(P for trend = 0.01, P for trend = 0.02). In addition, vitamin A (P for trend = 0.01), vitamin B5 (P for trend =
0.02), and vitamin C (P for trend = 0.02) concentrations were positively associated with TG level based on
multivariate models. However, vitamin B1 concentration was negatively associated with TG level (P for
trend = 0.04).

Table 4 showed the associations between serum vitamin concentrations with HDL-C level. Vitamin B9
concentration was positively associated with HDL-C level (P for trend = 0.03), which was not signi�cantly
associated after multivariate adjustment. In addition, vitamin E concentration was associated with HDL-C
level based on the adjusted model (P for trend = 0.02).

As shown in Table 5, vitamin B1, vitamin B2, vitamin B5, vitamin B6, vitamin D3, and vitamin E
concentrations were associated with LDL-C level (all P for trend < 0.05). After adjusting for variates,
vitamin C concentration was positively associated with LDL-C level (P for trend < 0.01). The association
between vitamin A and LDL-C was the strongest (P for trend < 0.0001), however, after adjusting for
variables, the association was weakened (P for trend < 0.01).

Discussion
In the present study, the results indicate vitamin A and vitamin C concentrations were positively
associated with LDL-C level. Vitamin A, vitamin B5, and vitamin C concentrations were positively
associated with TG level. However, vitamin B1 concentration was negatively associated with TG level.
Vitamin E concentration was positively associated with HDL-C level. However, statistical association was
not observed between vitamin concentrations and TC level.
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The results of the present study indicate that vitamin B1 and vitamin E concentrations were associated
with a better status of lipid pro�les. In a previous study, the concentration of vitamin B1 was negatively
associated with HDL level in patients with type 1 diabetes without any effect on TG and LDL-C levels [12].
However, in another study, vitamin B1 was shown to potentially improve serum lipids in healthy people
[16]. Similar results were observed in the present study, vitamin B1 concentration had favorable effects on
serum lipid levels. Thus, the differences in study subjects may be the reason for the con�icting results.
However, the role of vitamin B1 in the lipid pro�le is unclear and further explorations are necessary.

In a previous RCT, serum vitamin E was positively associated with HDL-C in cardiovascular disease
subjects [11]. In addition, vitamin E was suggested to increase the serum HDL levels in middle-aged-to-
elderly healthy individuals [16]. In another previous study, vitamin E was shown to effectively lower the
serum TC and LDL levels and increase the serum HDL levels in healthy individuals [17]. In accordance
with the previous study, vitamin E concentration was positively associated with HDL level in the present
study (P = 0.03). Vitamin E can counteract lipid peroxyl radicals, thus terminating the peroxidation chain
reaction and thereby reducing oxidative damage. Vitamin E is the major lipophilic, radical-scavenging
antioxidant in vivo, protecting against oxidative stress mediated by active oxygen as well as nitrogen
species [18]. The negative associations between HDL-C and oxidative stress may primarily result from the
antioxidant properties of HDL-C. The antioxidant activity of HDL-C is mainly mediated by the content of
the enzyme esterase-paraoxonase-1 [19]. Thus, vitamin E may have a positive association with HDL-C
and signi�cant effect on serum lipid levels.

Furthermore, higher concentrations of vitamin A, vitamin C, and vitamin B5 were associated with a worse
status of lipid pro�les in the present study. In a previous study, the TG level was higher in women after
vitamin A supplementation than in subjects without supplementation and the concentrations of serum
LDL-C increased signi�cantly in healthy women after vitamin A supplementation [10]. In another study,
vitamin A was signi�cantly associated with TG level [20]. Similar results were observed in the present
study, vitamin A concentration was positively associated with LDL-C and TG levels. This association may
be explained by the proposed mechanism that vitamin A enhances the hepatic production of apoprotein
C-III, which prevents very-low-density lipoprotein from binding to the surface of endothelial cells of blood
vessels and delays lipolysis by lipoprotein lipase, eventually leading to higher serum TG concentrations
[21]. Thus, increased vitamin A concentration can lead to an increase in TG and LDL-C levels, which can
have harmful effects.

In a previous RCT, as serum vitamin C increased, signi�cant favorable effects were not observed on TC,
HDL-C, LDL-C, and TG in atrophic gastritis subjects [22]. However, in another study, vitamin C was found
to effectively lower the serum TC and LDL-C levels and increase the serum HDL-C level in middle-aged-to-
elderly healthy individuals [23]. In contrast, vitamin C was positively associated with LDL-C and TG levels
in the present study. However, associations were not observed between serum vitamin C concentration
and TC and HDL-C levels. The dose of vitamin C, the type of intervention, study subjects and/or other
differences in study conditions may have caused the con�icting results. Furthermore, biological
explanations for the association between serum vitamin B5 and serum lipid levels are unknown.
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In addition, the prevalence rate of dyslipidemia varies by region due to different climatic environments,
diets, and lifestyles. In an epidemiology study, a high prevalence of dyslipidemia was found among
adults in Northeast China, especially in urban areas [15]. The study results also indicated that high TG
was the most prevalent type of dyslipidemia in Northeast China, followed by high TC [15]. However, the
awareness and control rate of dyslipidemia were signi�cantly below desirable levels. Therefore, to
determine the associations between serum vitamins and serum lipids in Northeast China is necessary.

The main strength of the present study is the comprehensive investigation into the associations between
serum vitamins and serum lipids in healthy subjects from Northeast China. Several limitations should be
taken into consideration in this study. First, the present study was cross-sectional in design, therefore, the
�ndings do not indicate any causality and limits any inferences that could be derived from the results.
Second, the sample size in the study was relatively small, thus, the results may not be conclusive. Third,
although we adjusted for a multitude of covariates, potential unmeasured and residual confounding
factors cannot be excluded.

Conclusion
In conclusion, the results from the present study indicate that serum vitamin concentrations are
associated with serum lipid levels in the general healthy adult population in Northeast China. Vitamin B1
and vitamin E concentrations were associated with a better status of lipid pro�les. However, vitamin A,
vitamin C, and vitamin B5 concentrations were associated with a worse status of lipid pro�les. The
results of this study require further veri�cation which could signi�cantly contribute to the prevention of
dyslipidemia.
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