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Objective: This study aims to investigate the potential association between 
serum 25(OH)D levels and the risk of hyperlipidemia in adults through a 
prospective cohort study conducted in Zhejiang Province.

Methods: Baseline surveys and follow-up studies were conducted to collect 
and analyze follow-up data over a three-year period. Vitamin D deficiency 
was defined as 25(OH)D < 20 ng/mL, insufficiency as 20–29 ng/mL, and 
sufficiency as 25(OH)D ≥ 30 ng/mL. Hyperlipidemia or dyslipidemia was 
defined as the presence of hypercholesterolemia, hypertriglyceridemia, or both. 
The relationship between demographic characteristics and the incidence of 
hyperlipidemia among the study participants was explored.

Results: A total of 1,210 participants were included in this study, with 43.80% 
being male. The mean age of the participants was 51.84 ± 14.37 years, and the 
average serum 25(OH)D level was 25.89 (21.50, 29.82) ng/mL. A significant 
difference in the proportion of vitamin D deficiency was observed between 
males and females (22.06% vs. 10.94%, p < 0.001). Vitamin D deficiency and 
insufficiency were prevalent among the middle-aged and elderly population 
(78.24%). Significant differences were found between the two groups in 
multiple sociodemographic variables, behavioral factors, and metabolic risk 
factors (p < 0.05). The incidence of hyperlipidemia among vitamin D-deficient 
individuals was 1.612 times higher than that among vitamin D-sufficient 
individuals (95% confidence interval [CI]: 1.228–2.116; p < 0.001). After fully 
adjusting for confounding factors, the multivariate-adjusted hazard ratio 
(HR) was 1.572 (95% CI: 1.187–2.08; p = 0.002), indicating a difference in the 
incidence of hyperlipidemia across different serum vitamin D levels.

Conclusion: This cohort study reveals a significant association between serum 
25(OH)D levels and the incidence of hyperlipidemia. Additionally, lifestyle factors 
associated with vitamin D deficiency are also correlated with the incidence 
of hyperlipidemia. These findings provide further evidence for improving 
blood lipid profiles through adjustments in vitamin D intake or related lifestyle 
modifications.
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1 Introduction

Hyperlipidemia, as a chronic metabolic disorder characterized by 
abnormal lipid metabolism, exhibits a complex pathogenesis involving 
interactions between genetic and environmental factors (1, 2). Adverse 
dietary patterns, particularly excessive intake of high-fat and high-
calorie foods and nutritional imbalances, coupled with lifestyle 
changes such as lack of regular exercise and irregular sleep patterns, 
along with specific medical interventions like drug side effects, 
collectively contribute to the development of hyperlipidemia (3, 4). 
This condition has emerged as a global public health challenge, not 
only severely impacting individuals’ quality of life but also significantly 
increasing the risk of severe complications such as cardiovascular 
disease, diabetes, and metabolic syndrome, thereby imposing a 
substantial burden on national healthcare systems (5). In recent years, 
with shifts in lifestyle, the incidence of hyperlipidemia has risen 
markedly (6). Data indicates that the prevalence of 
hypercholesterolemia among adults in the Americas and Europe is as 
high as 47.7 and 53.7%, respectively (7), while the prevalence of 
dyslipidemia among adults aged 65 and older in the United States has 
reached 60.3% (8). A recent meta-analysis from Malaysia also revealed 
high prevalence rates for various subtypes of dyslipidemia, 
emphasizing the global ubiquity of hyperlipidemia and the urgency 
for in-depth research (9).

Vitamin D (calciferol), a fat-soluble steroid hormone, primarily 
exists in the forms of ergocalciferol (Vitamin D2), derived from plant-
based foods, and cholecalciferol (Vitamin D3), sourced from animal-
based foods and endogenously synthesized in the epidermis under 
UVB light (10). In circulation, vitamin D binds primarily to vitamin 
D-binding protein (VDBP) and is transported to the liver for the 
initial hydroxylation to produce the main circulating metabolite, 
25(OH)D (11). 7-dehydrocholesterol is converted into the vitamin D3 
precursor by microsomal cytochrome P450 (12). Subsequently, 
25(OH)D is transported to the kidneys or other extrarenal tissues 
(VAN ETTEN and MATHIEU (13)) for further hydroxylation into the 
biologically active form, 1,25-dihydroxyvitamin D [1,25(OH)2D] 
(14). Vitamin D is not only crucial for bone health (15), but also 
participates in regulating immune responses, cell proliferation and 
differentiation, and cardiovascular physiology among various 
biological processes (14). Recently, the association between vitamin D 
deficiency and an increased risk of metabolic, immune, and various 
chronic diseases has garnered considerable attention (16, 17).

When exploring the complex relationship between vitamin D 
levels and lipid metabolism, existing studies provide mixed evidence. 
Some studies have found that lower concentrations of 25(OH)D 
correlate with higher total and abdominal fat levels (18), and vitamin 
D deficiency is associated with elevated triglyceride (TG) 
concentrations in obese adults (19). A potential correlation between 
vitamin D deficiency and obesity may arise because adipose tissue can 
sequester vitamin D or because obese individuals may be less inclined 
to expose themselves to sunlight, thereby reducing skin synthesis of 
vitamin D. Numerous studies have pointed out the association 
between vitamin D deficiency and overweight, which further 
exacerbates the risk of lipid metabolism disorders (20, 21). 
Additionally, a potential correlation between vitamin D deficiency and 
increased total cholesterol (TC) levels and decreased low-density 
lipoprotein cholesterol (LDL-C) levels has been observed (22, 23). 
However, other studies have reported different trends, such as Ponda 

et al. (24) finding that patients with optimal 25(OH)D concentrations 
had lower LDL-C and TG concentrations but higher high-density 
lipoprotein cholesterol (HDL-C) concentrations. These discrepancies 
may stem from differences in study design, sample selection, and 
adjustment for confounding factors (25, 26).

This study aims to conduct a well-designed cohort study to delve 
into the potential association between serum 25(OH)D levels and the 
risk of hyperlipidemia in adults. By systematically analyzing the 
impact of different vitamin D concentrations on lipid metabolism 
patterns in hyperlipidemia patients, we  hope to provide scientific 
support for the prevention and treatment of hyperlipidemia (27, 28). 
Although the specific mechanisms by which vitamin D regulates 
blood lipids are not fully understood, its positive effects are widely 
recognized (29, 30). Given the wide availability, cost-effectiveness, and 
safety of vitamin D, its potential as a blood lipid-regulating supplement 
is noteworthy (31). However, more in-depth research is needed 
regarding optimal dosage and intervention timing. This study employs 
a prospective cohort design to assess the relationship between serum 
vitamin D concentrations and the incidence of hyperlipidemia in the 
general population, aiming to validate and deepen the knowledge in 
this field, open new perspectives for the prevention and treatment of 
hyperlipidemia, and provide a scientific basis for future 
clinical practice.

2 Materials and methods

2.1 Study population

A multi-stage sampling method was employed for sample 
recruitment. Two communities/administrative villages were selected 
from 16 streets/towns in the Lishui area of southeastern Zhejiang 
Province using random integer sampling. Then, the corresponding 
number of participants was randomly selected from each community. 
The specific sampling approach was as follows. In the first step, cluster 
sampling was employed, with all communities/administrative villages 
within each street/township being assigned numerical labels. Two 
communities/administrative villages were selected through a random 
drawing process. In the second step, systematic sampling was utilized 
to select survey participants from the chosen communities/
administrative villages. This involved sorting households by house 
number and using a random number generator to select the first 
household. Subsequent sample households were determined at 
intervals based on the total number of households in the community 
and the desired sample size. All household members over 18 years of 
age in the sampled households were selected as survey subjects. The 
sample of the study included 3,828 adult permanent residents.

From this larger sample, subjects were selected to participate in 
the current study. Subjects for the current study were selected based 
on the following inclusion criteria: (1) no hyperlipidaemia: serum 
TC < 6.2 mmol/L (240 mg/dL), serum TG < 2.3 mmol/L (200 mg/dL), 
serum LDL-C < 4.1 mmol/L (160 mg/dL) and serum 
HDL-C ≥ 1.0 mmol/L (40 mg/dL) (32), (2) no malignant diseases, 
chronic liver disease or chronic kidney disease; (3) no hyperlipidaemia 
drug treatment; (4) no vitamin D supplementation. At the end of the 
follow-up period, a total of 1,210 subjects were included in the 
statistical analysis. This study was designed as a cohort study, including 
baseline measurements and follow-up measurements over a 
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three-year period. The data included survey data, anthropometry data 
and laboratory testing. All subjects provided written informed consent 
and the study was performed in strict accordance with the Helsinki 
Declaration. This topic has been approved by the Ethics Committee of 
Soochow University (No. ECSU-20160001).

2.2 Instruments and equipment

After fasting for 12 h, 5 mL of peripheral venous blood was 
collected from each subject. The blood was centrifuged at 3,000 r/min 
for 10 min, and the upper serum was taken to detect related indicators. 
Fasting blood glucose levels were measured by the hexokinase method 
using a fully automatic biochemical analyzer (COBAS c702, Roche 
Diagnostics, Mannheim, Germany). The levels of TG, TC, HDL-C and 
LDL-C were measured by the enzymatic method using an automatic 
biochemical analyzer (COBAS e601, Roche Diagnostics Co., Ltd., 
Mannheim, Germany). Serum 25(OH)D concentrations were 
determined by chemiluminescence immunoassays using an automatic 
chemiluminescence immunoassay analyzer (ADVIA Centaur XP, 
Siemens Medical Diagnostics, New York, United States). The intra-and 
inter-assay coefficients of variation for this method were <5%. These 
analyses were completed by Hangzhou Dean Medical Laboratory 
Centre Co., Ltd.

2.3 Baseline data collection

Standard questionnaires were used to collect demographic data 
(age, gender, area of residence, etc.), socioeconomic status (education 
level), smoking habits (current smoking, smoking cessation, or never 
smoking), drinking status (current drinking, smoking cessation, or 
never drinking), physical activity, family income, marital status, 
cognitive attitude toward chronic diseases, family history of 
hypertension and family history of diabetes. The education level is 
divided into four groups: no school, primary school, junior high 
school, college and above. This study used the World Health 
Organization’s physical activity recommendations (at least 150 min of 
moderate activity per week or the same amount of exercise) as a 
reference value for regular exercise. Family history of hypertension 
was defined as any first-degree relative (mother, father, sister, or 
brother) diagnosed with hypertension, and family history of diabetes 
was defined as any first-degree relative (mother, father, sister, or 
brother) diagnosed with diabetes.

2.4 Measurement of physical parameters

Physical examinations were performed in the early morning on 
an empty stomach and included measurements of height, weight, 
waist circumference and blood pressure. Height was measured by a 
height meter with a length of 2.0 m and an accuracy of 0.1 cm. Body 
weight is measured by a weight meter with a maximum weight of 
150 kg and an accuracy of 0.1 kg. Blood pressure was measured using 
a standard mercury sphygmomanometer. Blood pressure was 
measured in millimeters of mercury, with an accuracy of up to 1 mm. 
After the subjects rested for 15 min, their blood pressure was 
measured three times in a relaxed seated position. There was a 5-min 

break between each measurement. The average of the three 
measurements was used for analysis. Hypertension was defined as 
systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood 
pressure (DBP) ≥ 90 mmHg and/or taking antihypertensive drugs 
and/or diagnosed with hypertension by a medical unit at or above the 
county level (33). Body mass index (BMI) was calculated as weight 
divided by the square of height (BMI = kg/m2). BMI ≥ 28 kg/m2 was 
defined as obese, 24 kg/m2 ≤ BMI < 28 kg/m2 as overweight and 
18.5 kg/m2 ≤ BMI < 24 kg/m2 as normal (34).

2.5 Follow-ups and study outcome

All subjects were followed up by strictly trained community 
physicians. Data on relevant hyperlipidaemia events during the 
follow-up period were collected. The occurrence of hyperlipidaemia 
was the primary endpoint of this study. New-onset hyperlipidaemia 
was defined as a self-reported history of physician diagnosis during 
follow-up and/or receiving medication for hyperlipidaemia and/or 
serum TC ≥ 6.2 mmol/L (240 mg/dL) and/or serum TG ≥ 2.3 mmol/L 
(200 mg/dL) and/or serum LDL-C ≥ 4.1 mmol/L (160 mg/dL) and/or 
serum HDL-C < 1.0 mmol/L (40 mg/dL) (35).

2.6 Index division standards

(1) According to the Chinese Guidelines for the Prevention of 
Dyslipidaemia in Adults (2016 Edition) (32), serum TC ≥ 6.2 mmol/L 
(240 mg/dL) was defined as hypercholesterolemia, serum 
TG ≥ 2.3 mmol/L (200 mg/dL) was defined as hypertriglyceridemia, 
serum LDL-C ≥ 4.1 mmol/L (160 mg/dL) was defined as 
LDL-hypercholesterolemia, and serum HDL-C < 1.0 mmol/L (40 mg/
dL) was defined as HDL-hypocholesterolemia. Hypercholesterolemia, 
hypertriglyceridemia, LDL-hypercholesterolemia or HDL- 
hypocholesterolemia were defined as hyperlipidaemia or  
dyslipidaemia.

(2) According to the diagnostic criteria of hypertension of the 
National Health Commission: (1) In the absence of antihypertensive 
drugs, the clinic blood pressure was measured three times on 
different days, SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg. Simple 
systolic hypertension was defined as SBP ≥ 140 mmHg and 
DBP < 90 mmHg; (2) The patient has a history of hypertension and 
is currently using antihypertensive drugs. Although the blood 
pressure is lower than 140/90 mmHg, it should still be diagnosed as 
hypertension (33).

(3) According to the Endocrine Society’s Clinical Practice 
Guidelines, serum 25(OH)D deficiency was defined as 25(OH)
D < 20 ng/mL, insufficiency as (20–29 ng/mL), and sufficiency was 
defined as 25(OH)D ≥ 30 ng/mL.

2.7 Quality control

To ensure standardization of the project and obtain high-quality 
survey data, before the implementation of the survey, the community 
doctors, public health doctors, nursing staff and questionnaire survey 
personnel were uniformly trained. After the implementation of the 
project, on-site quality control was carried out, and the quality of the 

https://doi.org/10.3389/fnut.2024.1492621
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Liu et al. 10.3389/fnut.2024.1492621

Frontiers in Nutrition 04 frontiersin.org

survey data, physical measurements, blood sample collection and 
laboratory testing were dynamically monitored in real time. When a 
quality problem was found, timely feedback and correction were 
performed to prevent the diffusion of the problem. All data are input 
by a unified program, and double data entry is used to check data logic 
and abnormal data.

2.8 Statistical analysis

EpiData 3.1 software was used for double data entry, logical error 
correction and consistency testing. Normally distributed data were 
expressed as the mean ± standard deviation (x  ± s), non-normally 
distributed data were expressed as the median and interquartile range 
[M(QR)] and categorical variables were expressed as frequencies (%). 
Analysis of variance (ANOVA) and the Chi-square test were used to 
analyze the differences in quantitative variables between 25(OH)D 
level groups. Between-group differences in qualitative variables were 
tested by the Chi-square test. A Cox proportional hazard model was 
used to evaluate HR and 95% CI for the relationship between baseline 
serum 25(OH)D levels and hyperlipidaemia. In model 1, only serum 
25(OH)D was included as an independent predictor. Age, gender and 
BMI levels were also included in model 2. Model 3 was based on 
model 2 with further adjustment for the following variables: residence 
area (rural or urban), education level, SBP, DBP, smoking, alcohol 
consumption, physical activity and family history of hypertension. The 
median serum 25(OH)D value for each group was input into the 
model as a continuous variable for trend testing. Then, the association 
between serum 25(OH)D levels and the risk of hyperlipidaemia was 
examined in subgroups stratified by age, sex, BMI, area of residence, 
education, SBP, DBP, smoking, alcohol consumption, physical activity 
and family history of hypertension. The subjects were divided into two 
groups according to a 25(OH)D cut-point of 30 ng/mL. All data were 
analyzed using SPSS version 26.0, and statistical significance was 
defined as a two-tailed p < 0.05.

3 Results

3.1 Demographic characteristics and 
incidence of hyperlipidaemia

The study sample comprised 1,210 individuals, among which, 
43.80% were male (530 subjects) and 56.19% were female (680 
subjects). The average age of the subjects was 51.84 ± 14.37 years. As 
shown in Table 1, there were 368 new cases of hyperlipidaemia (167 
males and 201 females) during the three-year follow-up period, and 
the cumulative incidence of hyperlipidaemia was 30.41%. Specifically, 
the cumulative incidence of hyperlipidaemia was 31.51% in males and 
29.56% in females. There was no statistically significant difference in 
the prevalence of hyperlipidaemia between male and female subjects 
(p > 0.05). In the relationship between age and the incidence of 
hyperlipidemia shown in Table  1, with the increase of age, the 
incidence of hyperlipidemia in male and female participants showed 
a significant upward trend, and when the age reached a certain stage, 
this upward trend did not continue, but there was a slight decline in 
the reversal. The incidence of hyperlipidaemia increased the fastest 
among men in the 30–39 years age group.

3.2 Comparison of the baseline 
characteristics of subjects classified by 
vitamin D status

Among the 1,210 participants, the overall mean serum 25(OH)D 
level was 25.87 ± 6.56 ng/mL, and the respective ratios of vitamin D 
deficiency (<20 ng/mL) and insufficiency (20–29 ng/mL) were 17.19 
and 58.76%. According to Table 2, the rates of vitamin D deficiency 
and insufficiency in male subjects were 10.94% (58 people) and 
52.45% (278 people), respectively, and the rates of vitamin D 
deficiency and insufficiency in female subjects were 22.06% (150 
people) and 63.68% (433 people), respectively. Vitamin D deficiency 
was more common in women than in men (22.06% vs. 10.96%). With 
increases in age, the vitamin D deficiency rate showed an upward 
trend; only 21.43% of the elderly subjects aged over 80 years had 
sufficient vitamin D. The rates of vitamin D deficiency and 
insufficiency among rural residents were 12.93% (67 people) and 
57.92% (300 people), respectively. The rates of vitamin D deficiency 
and insufficiency among urban residents were 20.36% (141 people) 
and 59.39% (411 people), respectively. The rates of vitamin D 
deficiency and insufficiency in subjects with BMI < 24 kg/m2 were 
16.80% (128 people) and 26.90% (205 people), respectively. The rate 
of vitamin D deficiency was higher in women and participants living 
in urban areas (p < 0.01). Aside from baseline age, education level, 
SBP, DBP, dyslipidaemia and family history of hypertension, the 
differences between other sociodemographic, behavioral and 
metabolic risk factors and vitamin D levels were statistically significant 
(all p < 0.05, Table 3).

3.3 The relationship between serum 25(OH)
D levels and hyperlipidaemia

As shown in Table 4, when the clinical classification of vitamin D 
status was used, the subjects with sufficient vitamin D (≥30 ng/mL) 
were used as a reference. The incidence of hyperlipidemia in vitamin 
D deficiency (20–29 ng/mL) was statistically different (p < 0.05), and 
the incidence of hyperlipidemia was significantly higher than that of 
vitamin D sufficient subjects. When using the clinical classification of 
vitamin D status, compared with the survey of vitamin D sufficiency 
(≥30 ng/mL), the incidence of hyperlipidemia in patients with vitamin 
D insufficiency (<30 ng/mL) was significantly increased (p < 0.05). 
According to the quartile of baseline 25(OH)D level, the study 
population was divided into four groups (Q1, Q2, Q3, and Q4). Taking 
the respondents in the Q4 group as a reference, the incidence of 
hyperlipidemia in the Q2 and Q3 groups was higher than that in the 
Q4 group (p < 0.05).

After adjusting the potential confounding factors of age, gender 
and BMI, when the vitamin D status was classified into three clinical 
categories, the incidence of hyperlipidemia in vitamin D deficiency 
subjects was still significantly higher than that in vitamin D 
sufficient subjects (p < 0.05). When the clinical classification of 
vitamin D status was used, the investigation of vitamin D adequacy 
was used as a reference. There was a statistically significant 
difference in the incidence of hyperlipidemia between vitamin D 
insufficiency and sufficiency (p < 0.05), and the incidence of 
hyperlipidemia in vitamin D insufficiency was higher. According to 
the baseline 25(OH)D level quartiles, the study population was 
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divided into four groups. The subjects in the Q4 group were used as 
a reference. There was a statistically significant difference in the 
incidence of hyperlipidemia between the subjects in the Q2 group 
and the Q4 group (p < 0.05).

After adjusting the potential confounding factors such as 
residence, education level, SBP, DBP, smoking status, drinking status, 
physical activity and family history of hypertension, when the vitamin 
D status was classified into three clinical categories, the subjects with 
sufficient vitamin D were used as a reference, and the incidence of 
hyperlipidemia in vitamin D deficiency was still high (p < 0.05). When 
using the clinical classification of vitamin D status, the incidence of 
hyperlipidemia in vitamin D deficiency and sufficient subjects was 
higher than that in vitamin D sufficient subjects (p < 0.05). According 
to the quartile of baseline 25(OH)D level, the study population was 
divided into four groups. Taking the respondents in the Q4 group as 
a reference, the incidence of hyperlipidemia in the Q4 group was lower 
than that in the Q2 group (p < 0.05).

As shown in Table 5, when analyzing the relationship between 
baseline serum 25-hydroxyvitamin D (25(OH)D) levels and the 
incidence of hyperlipidemia among individuals with normal weight, 
after excluding those who were overweight or obese, it was found that 
there was no statistically significant association between vitamin D 
and the risk of hyperlipidemia, regardless of the vitamin D clinical 
classification used. However, in the subset of overweight and obese 
individuals (Table 6), under the clinical binary classification of vitamin 
D status, those with vitamin D deficiency (<30 ng/mL) exhibited a 
significantly higher incidence of hyperlipidemia compared to those 
with sufficient vitamin D (≥30 ng/mL) (p < 0.05). Similarly, under the 
clinical ternary classification of vitamin D status, with those having 
sufficient vitamin D (≥30 ng/mL) as the reference group, individuals 
with vitamin D insufficiency (20–29 ng/mL) demonstrated a 
statistically significant difference in hyperlipidemia incidence 
(p < 0.05). When the study population was stratified into four groups 
based on quartiles of baseline 25(OH)D levels (Q1, Q2, Q3, and Q4), 

TABLE 1 Incidence of hyperlipidemia in different sex and age groups.

Age group 
(years)

Baseline 
number

Hyperlipidemia Follow-up 
years

Cumulative 
incidence (%)

Incidence density 
(per 1,000 

person-years)

Whole crowd

18- 80 14 26.88 17.50 520.91

30- 180 51 80.86 28.33 630.73

40- 277 84 134.64 30.32 623.89

50- 314 111 201.07 35.35 552.04

60- 236 72 122.53 30.51 587.61

70- 95 32 52.82 33.68 605.78

80- 28 4 8.65 14.29 462.36

Total 1,210 368 3153.45 30.41 116.70

Male

18- 27 5 75.63 18.52 66.11

30- 67 34 148.11 50.75 229.55

40- 110 42 280.25 38.18 149.87

50- 136 39 363.45 28.68 107.31

60- 118 29 321.64 24.58 90.16

70- 56 18 149.16 32.14 120.67

80- 16 0 48.00 0.00 0.00

Total 530 167 1386.24 31.51 120.47

Female

18- 53 9 149.25 16.98 60.30

30- 113 17 327.04 15.04 51.98

40- 167 42 455.50 25.15 92.21

50- 178 72 456.85 40.45 157.60

60- 118 43 304.66 36.44 141.14

70- 39 14 98.37 35.90 142.32

80- 12 4 32.65 33.33 122.51

Total 680 201 1824.32 29.56 110.18

We recorded the baseline survey time and follow-up time of each participant. Participants were tracked at different times during the three-year period. After completing the calculation of the 
number of follow-up years at the individual level, summary statistics were performed to calculate the total follow-up years and average follow-up years of the entire cohort.
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with Q4 serving as the reference group, the incidence of hyperlipidemia 
was higher in Q1, Q2, and Q3 compared to Q4 (p < 0.05).

After fully adjusting for potential confounding factors such as age, 
gender, and BMI, under the clinical ternary classification of vitamin 
D status, with those having sufficient vitamin D as the reference group, 
individuals with vitamin D insufficiency (20–29 ng/mL) still exhibited 
a significantly higher incidence of hyperlipidemia (p < 0.05). When 
using the clinical binary classification of vitamin D status, with those 
having sufficient vitamin D as the reference, there was a statistically 
significant difference in hyperlipidemia incidence between vitamin 
D-deficient and sufficient individuals (p < 0.05), with a higher 
incidence among the deficient group. Additionally, when stratifying 
the study population into four groups based on quartiles of baseline 
25(OH)D levels and using Q4 as the reference, there was a statistically 
significant difference in hyperlipidemia incidence between Q2 and Q4 
(p < 0.05). After fully adjusting for potential confounding factors such 
as residence, education level, systolic blood pressure, diastolic blood 
pressure, smoking status, alcohol consumption, physical activity, and 
family history of hypertension, the results remained consistent with 
the previous findings.

4 Discussion

A substantial body of literature has established a strong association 
between vitamin D and various disease states, including, but not 
limited to, type 2 diabetes, dyslipidemia, cardiovascular diseases, 
autoimmune disorders, certain cancers, metabolic syndrome, 
schizophrenia, and depression (CHEN (3, 36)). Clinical trial data, in 
particular, reveal a close relationship between 25(OH)D levels and 
lipid metabolism, indicating that elevated lipid levels can lead to a 
decrease in vitamin D levels, while vitamin D deficiency further 

exacerbates dyslipidemia and weight gain (37). Vitamin D deficiency 
has become a global public health issue, affecting individuals across 
all age groups, ethnicities, and socioeconomic statuses (38). Certain 
groups, such as individuals with obesity, the elderly, children, pregnant 
women, and postmenopausal women, exhibit especially high rates of 
vitamin D deficiency (39). Hyperlipidemia, as an increasingly 
prevalent metabolic disorder, not only poses a threat to individual 
health but also places a considerable burden on global healthcare 
systems (40, 41). For instance, by 2017, over 100 million people in the 
United States had been diagnosed with hypercholesterolemia, with 31 
million adults experiencing elevated LDL-C levels (42). Therefore, 
investigating effective treatment strategies for hyperlipidemia, 
particularly regarding the potential role of vitamin D, is essential for 
managing lipid levels and improving patient outcomes.

Research has demonstrated that vitamin D plays a crucial role in 
reducing lipid levels and mitigating mortality risk (43), especially in 
patients with hypertension and type 2 diabetes (44). Theoretically, 
vitamin D not only exerts a direct influence on lipid levels but may 
also indirectly impact lipid metabolism by modulating serum 
parathyroid hormone and/or calcium balance (45). Specifically, 
sufficient vitamin D increases intracellular calcium levels in 
adipocytes, promoting the activity of fatty acid synthase, inhibiting 
lipolysis, and enhancing the storage of lipids within adipocytes (46). 
Additionally, vitamin D can inhibit macrophage migration and 
phagocytic activity, reducing the deposition of LDL-C (47). 
Conversely, as vitamin D levels decline, calcium absorption in the 
gastrointestinal tract diminishes (48), impairing the lipid storage 
function of adipocytes, which leads to the release of lipids into the 
bloodstream, causing elevated concentrations of TC, TG, and LDL-C, 
as well as a decrease in HDL-C levels (49). Studies from Australia (50) 
and animal models (51) further support that adequate vitamin D 
supplementation effectively inhibits hepatic steatosis and fibrosis, 

TABLE 2 Incidence of hyperlipidemia in different sex and age groups.

Characteristic Vitamin D deficiency Vitamin D insufficiency Vitamin D sufficiency Total

Male, n(%)

18- 2(7.41) 16(59.26) 9(33.33) 27

30- 8(11.94) 32(47.76) 27(40.3) 67

40- 12(10.91) 60(54.55) 38(34.55) 110

50- 18(13.24) 64(47.06) 54(39.71) 136

60- 9(7.63) 69(58.47) 40(33.9) 118

70- 6(10.71) 30(53.57) 20(35.71) 56

80- 3(18.75) 7(43.75) 6(37.5) 16

Total 58(10.94) 278(52.45) 194(36.6) 530

Female, n(%)

18- 10(18.87) 36(67.92) 7(13.21) 27

30- 29(25.66) 67(59.29) 17(15.04) 67

40- 31(18.56) 112(67.07) 24(14.37) 110

50- 31(17.42) 120(67.42) 27(15.17) 136

60- 25(21.19) 75(63.56) 18(15.2) 118

70- 16(41.03) 19(48.72) 4(10.26) 56

80- 8(66.67) 4(33.33) 0(0) 16

Total 150(22.06) 433(63.68) 97(14.26) 530
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promotes hepatic calcium absorption, and thereby helps regulate 
lipid profiles.

However, it is worth noting that when we limited the analysis to 
individuals with normal weight, the results showed a very different 
pattern (73). We discovered that restricting the analysis to overweight 
and obese individuals can unveil a significant statistical correlation 
between vitamin D status and hyperlipidemia risk. In the clinical 
dichotomous classification of vitamin D status, individuals with 
vitamin D insufficiency (<30 ng/mL) exhibited a significantly higher 
incidence of hyperlipidemia compared to those with sufficient vitamin 
D (≥30 ng/mL) (p < 0.05). When further refining the classification into 
trichotomous categories, individuals with vitamin D levels in the 
insufficient range (20–29 ng/mL), using those with sufficient vitamin 
D as a reference, meanwhile demonstrated a statistical difference in 
hyperlipidemia incidence (p < 0.05). These observations strongly 
indicate that, in overweight and obese adults, the nutritional status of 
vitamin D may exert a notable impact on lipid metabolism, thereby 
increasing the risk of hyperlipidemia. To further explore this 
relationship, we grouped the study population based on quartiles of 

baseline 25(OH)D levels. The results showed that, using the highest 
quartile group (Q4) of 25(OH)D levels as a reference, individuals in 
the lower quartiles (Q1, Q2, and Q3) had significantly higher 
incidences of hyperlipidemia (p < 0.05). This trend analysis not only 
reinforces the negative correlation between vitamin D and 
hyperlipidemia risk but also suggests a potential dose–response effect 
of increasing vitamin D levels on reducing hyperlipidemia risk. 
Notably, this effect is particularly evident in overweight and obese 
populations, providing robust evidence to support vitamin D 
supplementation strategies tailored for these groups.

However, it is worth noting that when we expanded the analysis 
to individuals with normal body weight, the research findings 
presented a starkly different pattern. Regardless of the vitamin D 
clinical classification standard employed (i.e., dichotomous, 
trichotomous, or more detailed quartile classification), no statistically 
significant correlation was observed between baseline serum 25(OH)
D levels and the risk of hyperlipidemia. This finding may suggest that, 
in adults with normal body weight, the nutritional status of vitamin D 
may not be  a primary influencing factor in the development of 

TABLE 3 Baseline characteristics of the study population (n = 1,210).

Characteristic Total Serum 25(OH)D concentrations (ng/ml) F/χ2 P

(n = 1,210) <20(n = 208) 20–29(n = 711) ≥30(n = 291)

25(OH)D 25.87 ± 6.56 16.16 ± 2.96 25.32 ± 2.78 34.15 ± 4.16

Age (years) 51.84 ± 14.37 52.92 ± 15.74 51.39 ± 14.07 52.17 ± 14.04 1.01 0.365

Sex (men), n(%) 530(43.80) 58(10.94)* 278(52.45) 194(36.60)
89.598 <0.001

  (Women), n(%) 680(56.20) 150(22.06) 433(63.68) 97(14.26)

District (rural), n(%) 518(42.81) 67(12.93)* 300(57.92) 151(29.15)
19.453 <0.001

  (Urban), n(%) 692(57.19) 141(20.38) 411(59.39) 140(20.23)

Education, n(%) 7.148 0.307

No school 210(17.36) 36(17.14) 129(61.43) 45(21.43)

Primary school 328(27.11) 56(17.07) 182(55.49) 90(27.44)

Middle school 611(50.50) 105(17.18) 358(58.59) 148(24.22)

Junior college or higher 61(5.04) 11(18.03) 42(68.85) 8(13.11)

BMI (kg/m2) 23.28 ± 3.24 23.34 ± 3.34 23.44 ± 3.26* 22.86 ± 3.09 3.364 0.035

<24 762(62.98) 128(61.54) 429(60.34) 205(70.45) 9.414 0.052

24–27.9 346(28.60) 62(29.81) 219(30.80) 65(22.34)

≥28 102(8.43) 18(8.65) 63(8.86) 21(7.22)

TC 4.95 ± 0.72 5.13 ± 0.72 4.95 ± 0.72* 4.84 ± 0.69 9.978 <0.001

TG 1.25 ± 0.45 1.32 ± 0.46 1.26 ± 0.45* 1.17 ± 0.46 6.674 0.001

LDL-C 2.84 ± 0.60 2.94 ± 0.63 2.85 ± 0.60* 2.75 ± 0.59 5.726 0.003

HDL-C 1.58 ± 0.34 1.66 ± 0.48 1.57 ± 0.31* 1.57 ± 0.31 6.078 0.002

Systolic pressure 125.01 ± 18.77 126.70 ± 20.32 124.14 ± 18.45 125.93 ± 19.04 1.954 0.142

Diastolic pressure 78.72 ± 10.21 78.62 ± 11.13 78.90 ± 10.11 78.36 ± 9.81 0.298 0.743

Family history of hypertension, n(%) 258(21.32) 46(17.83) 46(17.83) 46(17.83) 0.989 0.610

Dyslipidemia, n(%) 53(4.38) 12(5.77) 30(4.22) 11(3.78) 7.150 0.128

Current smoker, n(%) 267(22.08) 39(18.84) 146(20.53)* 82(28.18) 8.539 0.014

Current drinker, n(%) 370(30.63) 41(19.81) 217(30.52)* 112(38.62) 20.131 <0.001

Sufficient physical activity, n(%) 292(24.17) 56(27.18) 185(26.02)* 51(17.53) 9.357 0.009

*There was a significant difference compared with the 25(OH) D sufficient group [serum 25(OH)D ≥ 30 ng/mL]; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein 
cholesterol; LDL-C, low density lipoprotein cholesterol.
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TABLE 4 Relationship between baseline serum 25(OH)D levels and the incidence of hyperlipidemia.

25(OH)D (ng/
ml)

Events (%) Model 1 Model 2 Model 3

HR(95% CI) P HR(95% CI) P HR(95% CI) P

Clinical triad

<20 208(60) 1.306(0.921–1.853) 0.134 1.309(0.915–1.873) 0.141 1.315(0.914–1.89) 0.140

20–29 711(242) 1.612(1.228–2.116) 0.001 1.581(1.197–2.087) 0.001 1.572(1.187–2.08) 0.002

≥30 291(66) 1.00 – 1.00 – 1.00 –

P for trend† 0.984(0.965–1.003) 0.100 0.985(0.965–1.004) 0.123 0.984(0.965–1.004) 0.123

Dichotomy

<30 919(302) 1.540(1.180–2.010) 0.001 1.523(1.159–2.001) 0.003 1.519(1.130–2.001) 0.003

≥30 291(66) 1.00 – 1.00 – 1.00 –

P for trend† 0.953(0.925–0.982) 0.001 0.954(0.925–0.984) 0.003 0.954(0.925–0.984) 0.003

Quartile

Q1(<21.50) 301(90) 1.280(0.940–1.743) 0.117 1.259(0.916–1.731) 0.156 1.265(0.916–1.746) 0.153

Q2(21.50–25.88) 303(109) 1.580(1.175–2.125) 0.002 1.565(1.156–2.119) 0.004 1.535(1.130–2.084) 0.006

Q3(25.89–29.82) 303(96) 1.392(1.027–1.888) 0.033 1.351(0.993–1.837) 0.055 1.350(0.989–1.843) 0.059

Q4(≥29.83) 303(73) 1.00 – 1.00 – 1.00 –

P for trend† 0.984(0.965–1.003) 0.107 0.985(0.966–1.005) 0.150 0.985(0.965–1.006) 0.153

Continuous‡ 1,210(368) 0.987(0.972–1.003) 0.104 0.988(0.972–1.004) 0.139 0.987(0.971–1.004) 0.136

Model 1: no adjustment; model 2: adjust gender, age and BMI; model 3: adjust residence, education level, systolic blood pressure, diastolic blood pressure, smoking status, drinking status, 
physical activity and family history of hypertension.
HR, hazard ratio; CI, confidence interval.
†Test trends based on median variables in each group (medians for Q1, Q2, Q3, and Q4 were 18.55, 24.17, 27.92, and 32.88 ng/mL, respectively).
‡HR is the standard deviation (6.43 ng/mL) proportionally scaled to serum 25(OH)D levels.

TABLE 5 Relationship between baseline serum 25(OH)D levels and the incidence of hyperlipidemia (excluding overweight and obese people from 
normal-weight individuals).

25(OH)D Events (%) Model 1 Model 2 Model 3

(ng/ml) HR(95% CI) P HR(95% CI) P HR(95% CI) P

Clinical triad

<20 81(32) 0.982(0.612–1.576) 0.939 0.956(0.497–1.838) 0.892 0.999(0.549–1.817) 0.997

20–29 287(127) 1.125(0.780–1.623) 0.528 0.930(0.552–1.565) 0.784 1.024(0.625–1.677) 0.925

≥30 87(37) 1.00 – 1.00 – 1.00 –

P for trend† 0.989(0.965–1.015) 0.410 0.990(0.965–1.016) 0.451 0.990(0.965–1.017) 0.472

Dichotomy

<30 368(159) 1.093(0.764–1.563) 0.626 0.935(0.561–1.558) 0.796 1.017(0.633–1.635) 0.944

≥30 87(37) 1.00 – 1.00 – 1.00 –

P for trend† 0.988(0.954–1.023) 0.508 0.988(0.953–1.024) 0.514 0.989(0.954–1.026) 0.550

Quartile

Q1(<21.15) 114(45) 0.923(0.617–1.38) 0.697 0.898(0.513–1.570) 0.705 0.952(0.568–1.596) 0.851

Q2(21.16–25.38) 113(52) 1.086(0.737–1.602) 0.676 0.828(0.477–1.439) 0.504 0.955(0.565–1.612) 0.862

Q3(25.39–28.80) 113(49) 1.068(0.720–1.584) 0.742 1.074(0.618–1.865) 0.801 1.021(0.603–1.730) 0.937

Q4(≥28.81) 115(50) 1.00 – 1.00 – 1.00 –

P for trend† 0.993(0.969–1.018) 0.579 0.994(0.969–1.019) 0.625 0.994(0.969–1.020) 0.669

Continuous‡ 455(196) 0.993(0.973–1.013) 0.490 0.993(0.973–1.014) 0.508 0.994(0.973–1.015) 0.585

Model 1: no adjustment; model 2: adjust gender, age and BMI; model 3: adjust residence, education level, systolic blood pressure, diastolic blood pressure, smoking status, drinking status, 
physical activity and family history of hypertension.
HR, hazard ratio; CI, confidence interval.
†Test trends based on median variables in each group (medians for Q1, Q2, Q3, and Q4 were 18.62, 23.86, 26.94, and 32.15 ng/mL, respectively).
‡HR is the standard deviation (6.00 ng/mL) proportionally scaled to serum 25(OH)D levels.
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hyperlipidemia, or its effect may be obscured by other more dominant 
metabolic factors. This result challenges the view that vitamin D is 
generally beneficial to lipid metabolism in some previous studies, and 
further emphasizes that there may be  differences in the potential 
mechanism of vitamin D on lipid metabolism under overweight 
(74, 75).

The results of this study further confirm a positive association 
between vitamin D deficiency and the incidence of hyperlipidemia. 
When baseline 25(OH)D levels were considered as the sole predictor, 
vitamin D deficiency was significantly associated with an increased 
incidence of dyslipidemia. Even after extensive adjustment for 
confounding variables, a low vitamin D status remained significantly 
associated with dyslipidemia. Notably, the cumulative incidence of 
hyperlipidemia did not show a statistically significant difference between 
women and men, suggesting that the mechanisms underlying 
hyperlipidemia may transcend gender and are likely driven by similar 
fundamental physiological and genetic factors. However, in terms of 
vitamin D deficiency prevalence, a gender disparity was observed, with 
women exhibiting a higher frequency of vitamin D deficiency compared 
to men (22.06% vs. 10.94%), consistent with findings from a cross-
sectional study in the Netherlands (52). This gender-specific variation 
may stem from differences in lifestyle, physiological characteristics, time 
spent outdoors, sun protection practices, and occupational activities 
between men and women (53). For instance, traditional or societal 
expectations may lead women to adopt sun protection measures or 
spend more time indoors, thereby reducing natural sunlight 
exposure—a primary pathway for endogenous vitamin D synthesis. 
Additionally, women experience unique life stages and hormonal 
changes, including menarche, potential pregnancy, breastfeeding, and 

contraceptive use, through to menopause, where the production of 
hormones such as estrogen and progesterone may predispose them to 
vitamin D deficiency (54). Furthermore, occupational differences could 
contribute to unequal sunlight exposure opportunities between genders. 
These factors collectively influence the efficiency of vitamin D synthesis 
in the skin, either directly or indirectly. Additionally, dietary habits—
another crucial source of vitamin D—may also vary by gender. Women, 
in their pursuit of healthier eating, may inadvertently restrict foods rich 
in vitamin D, especially within specific dietary cultures or societal 
norms. In contrast, men may be less affected by these factors, or their 
dietary patterns may naturally include more vitamin D-rich foods. 
These hypotheses warrant further research, with detailed dietary surveys 
and lifestyle assessments needed to substantiate these findings.

With advancing age, the incidence of hyperlipidemia and vitamin 
D deficiency increases in both men and women, aligning with findings 
from previous literature (55). This age-related rise may be attributable 
to reduced outdoor activity, diminished gastrointestinal function, and 
imbalances in dietary intake and nutrition, which can lead to decreased 
vitamin D absorption and greater intracellular deposition of LDL-C in 
older adults (56). Interestingly, the incidence of hyperlipidemia tends 
to slightly decline among the elderly at certain advanced ages. This may 
be due to the premature attrition of high-risk individuals from the 
cohort because of the onset or progression of other health conditions, 
such as cardiovascular disease or diabetes, which reduces their 
representativeness in the study’s data on hyperlipidemia incidence (57). 
Such individuals may experience limited ability or willingness to 
participate due to health complications, thereby decreasing their 
representation in the cohort. Additionally, it is essential to consider the 
effects of aging on physiological function and metabolic processes (58, 

TABLE 6 Relationship between baseline serum 25(OH)D levels and the incidence of hyperlipidemia (overweight and obese people).

25(OH)D Events (%) Model 1 Model 2 Model 3

(ng/ml) HR(95% CI) P HR(95% CI) P HR(95% CI) P

Clinical triad

<20 127(28) 1.571(0.935–2.641) 0.088 1.637(0.957–2.802) 0.072 1.643(0.955–2.826) 0.073

20–29 424(115) 1.987(1.322–2.986) 0.001 2.052(1.351–3.118) 0.001 2.098(1.374–3.201) 0.001

≥30 204(29) 1.00 – 1.00 – 1.00 –

P for trend† 1.005(0.991–1.021) 0.475 1.005(0.989–1.020) 0.551 1.004(0.988–1.020) 0.660

Dichotomy

<30 551(143) 1.889(1.267–2.816) 0.002 1.967(1.302–2.972) 0.001 2.013(1.323–3.061) 0.001

≥30 204(29) 1.00 – 1.00 – 1.00 –

P for trend† 1.012(0.992–1.032) 0.253 1.011(0.990–1.032) 0.309 1.010(0.989–1.032) 0.348

Quartile

Q1(<21.73) 186(44) 1.821(1.115–2.975) 0.017 1.884(1.131–3.140) 0.015 1.894(1.128–3.181) 0.016

Q2(21.73–26.47) 191(51) 2.114(1.310–3.411) 0.002 2.201(1.351–3.585) 0.002 2.239(1.369–3.664) 0.001

Q3(26.48–30.45) 188(52) 2.287(1.419–3,684) 0.001 2.315(1.429–3.749) 0.001 2.360(1.448–3.847) 0.001

Q4(≥30.46) 190(25) 1.00 – 1.00 – 1.00 –

P for trend† 1.008(0.993–1.023) 0.313 1.007(0.992 ~ 1.023) 0.374 1.006-(0.9911.022) 0.441

Continuous‡ 755(172) 1.005(0.993–1.017) 0.394 1.004(0.9921.017) 0.484 1.005(0.993–1.017) 0.394

Model 1: no adjustment; model 2: adjust gender, age and BMI; model 3: adjust residence, education level, systolic blood pressure, diastolic blood pressure, smoking status, drinking status, 
physical activity and family history of hypertension.
HR, hazard ratio; CI, confidence interval.
†Test trends based on median variables in each group (medians for Q1, Q2, Q3, and Q4 were 18.53, 24.42, 28.38, and 33.34 ng/mL, respectively).
‡HR is the standard deviation (6.86 ng/mL) proportionally scaled to serum 25 (OH)D levels.
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59). With age, physiological functions, including lipid metabolism, 
undergo gradual decline, potentially impacting the incidence of 
hyperlipidemia either directly or indirectly (60). To further investigate 
this phenomenon, we plan to conduct a refined age-stratified analysis 
in future studies to elucidate similarities and differences in the 
mechanisms of hyperlipidemia onset across different age groups. 
Furthermore, we  observed that individuals with lower educational 
attainment, lower BMI, or a family history of hyperlipidemia are more 
susceptible to both vitamin D deficiency and dyslipidemia. This trend 
may be  associated with limited health literacy, imbalanced diets, 
inadequate nutrient intake, and genetic predispositions (61). First, 
individuals with lower educational levels may lack health knowledge 
and practices, such as regular monitoring of vitamin D levels and taking 
appropriate supplements, which could increase their risk for vitamin D 
deficiency and consequently dyslipidemia. Second, those with lower 
BMI, particularly underweight individuals, may experience vitamin D 
deficiency and other nutritional deficiencies due to imbalanced diets or 
inadequate nutrient intake. This state of nutrient deficiency could 
further impact lipid metabolism, elevating the risk of dyslipidemia. 
Finally, individuals with a family history of hyperlipidemia may inherit 
gene variants that affect vitamin D or lipid metabolism, rendering them 
more vulnerable to both vitamin D deficiency and dyslipidemia (62). 
We intend to explore these potential factors further to develop a more 
comprehensive predictive model for hyperlipidemia risk.

In this study, a threshold of 30 ng/mL was set for vitamin D levels, 
and significant differences in the prevalence of dyslipidemia and 
individual lipid profile measures were observed between the two groups. 
Even after adjusting for various potential confounders, vitamin D 
deficiency remained significantly associated with an elevated risk of 
dyslipidemic events. This finding aligns with prior meta-analyses (63) and 
individual studies (64–66), which collectively indicate a close relationship 
between serum vitamin D levels and lipid markers such as TC, TG, 
LDL-C, and HDL-C. An increase in serum 25(OH)D levels has been 
shown to aid in reducing blood lipid levels and improving dyslipidemia 
(67). Although adjustments were made for multiple traditional risk 
factors, residual confounders such as dietary habits, genetic background, 
and medication use may still influence the relationship between vitamin 
D levels and hyperlipidemia (68, 69). Insufficient intake of vitamin D-rich 
foods, such as fish, dairy products, and fortified foods, may contribute to 
vitamin D deficiency. Concurrently, diets high in fat, sugar, and salt could 
exacerbate lipid metabolism disorders, increasing the risk of dyslipidemia. 
Additionally, genetic background plays a key role in both vitamin D 
metabolism and lipid metabolism. Genetic variants may influence the 
activity of vitamin D receptors or related enzymes, affecting vitamin D 
bioavailability and lipid processing. Furthermore, medication use is a 
critical factor impacting both vitamin D levels and lipid abnormalities; 
certain drugs, such as antiepileptics, antibiotics, and lipid-lowering agents, 
may alter vitamin D metabolism or elevate the risk of dyslipidemia. Given 
individual variability and the complexity of these interactions, 
unidentified or insufficiently understood confounders may still impact 
the association between vitamin D levels and hyperlipidemia. Future 
studies should more deeply explore these potential factors and utilize 
more precise study designs and sensitive detection methods to uncover 
the subtler relationships between vitamin D and lipid abnormalities.

Given the extensive physiological effects of vitamin D (70), particularly 
its pivotal role in metabolic regulation, we emphasize the importance of 
ensuring adequate vitamin D levels. The long half-life of vitamin D, which 
allows it to persist in the human body for 3 weeks and maintain a relatively 
stable blood concentration, provides a rationale for its use as a mild and 

effective control measure (56). Consequently, it is reasonable to encourage 
patients to ensure sufficient vitamin D intake during glycemic and lipid-
lowering therapy (27). However, there is currently a lack of support from 
large-scale, long-term studies regarding the optimal dosage and frequency 
of vitamin D supplementation, necessitating cautious consideration of 
individual differences and potential risks when formulating 
supplementation strategies (71). Our study has made certain progress in 
exploring the relationship between serum 25(OH)D levels and the risk of 
hyperlipidemia in adults. Its strengths lie in the rigorous design, employing 
a cohort study approach, which enables the observation of the impact of 
25(OH)D levels over time on hyperlipidemia risk. Furthermore, the study 
considered various potential confounding factors, such as age, gender, and 
BMI, thereby enhancing the accuracy and reliability of the findings. 
Nonetheless, our study also has some limitations. Firstly, during data 
collection, factors that may influence vitamin D levels, such as habitual 
diet, sun exposure time, and sunscreen use, were not considered. These 
factors could potentially interfere with the study results and affect the 
accuracy of the conclusions. Secondly, the study sample was regionally 
limited, and the follow-up period was relatively short, which may impact 
the reliability of the correlation test between 25(OH)D and hyperlipidemia. 
This limitation may be  particularly evident in subgroup analyses, 
challenging the robustness of the conclusions. Additionally, the insufficient 
sample size and follow-up duration may restrict the generality and 
applicability of the study results. Future research is needed to conduct a 
series of targeted studies to clarify the recommended dosage and frequency 
of vitamin D supplements, maximizing their benefits while minimizing 
potential risks. It is essential to identify target populations, such as elderly 
individuals and specific high-risk groups (e.g., obese and diabetic patients), 
who are likely to benefit most from these interventions, in order to provide 
more precise vitamin D management guidelines to support personalized 
treatment in clinical practice. At the same time, we also need to consider 
factors such as habitual diet, sunshine time, and sunscreen use into the 
study to more comprehensively and accurately assess the effect of vitamin 
D on the risk of hyperlipidemia. This study also provides some implications 
for enhancing the intake of vitamin D-rich foods such as milk, salted fish 
and cod liver oil (72). By continuously exploring and optimizing vitamin 
D management strategies, we are expected to make a greater contribution 
to improving metabolic health and preventing chronic diseases. Future 
studies need to further increase the sample size and prolong the follow-up 
time, so as to improve the accuracy and reliability of the study and provide 
more strong evidence support for clinical practice.

5 Conclusion

This study is a three-year prospective cohort analysis conducted in 
Zhejiang, which delves into the relationship between serum 25(OH)D 
levels and the risk of hyperlipidemia in adults. The results indicate a 
significant correlation between vitamin D status and the incidence of 
hyperlipidemia, and this association remains robust even after extensive 
adjustment for confounding factors, further confirming the crucial role 
of vitamin D in lipid metabolism. Women are more prone to vitamin D 
deficiency compared to men, and this gender disparity may be associated 
with factors such as lifestyle, physiological characteristics, and 
occupational activities. Additionally, older age, lower educational 
attainment, lower BMI, and a family history are predictive of both 
vitamin D deficiency and dyslipidemia. Compared to existing research, 
this study not only validates the close correlation between vitamin D and 
lipid levels but also uncovers the distribution characteristics of vitamin 
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D deficiency across different populations and its independent impact on 
the risk of hyperlipidemia. Future research should further explore the 
optimal dosage and frequency of vitamin D supplementation and how 
to optimize vitamin D management strategies for specific high-risk 
populations to improve metabolic health, providing novel insights into 
the prevention and treatment of hyperlipidemia. The findings of this 
study offer compelling evidence for the potential role of vitamin D in the 
prevention and control of hyperlipidemia, emphasizing the importance 
of maintaining adequate vitamin D levels.
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