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Abstract
Background Polycystic ovary syndrome (PCOS) is the most common endocrine disorder among women. 
Dyslipidemia is a prevalent metabolic abnormality in individuals with PCOS. Moreover, vitamin D deficiency is 
widespread across all societal strata, with a particularly heightened prevalence observed in patients afflicted with 
PCOS. The present study aimed to investigate the level of vitamin D and its correlation with lipid profiles in Iranian 
women diagnosed with PCOS.

Methods This cross-sectional study was carried out at the PCOS and infertility clinic of Arash Women’s Hospital in 
Tehran. The study encompassed the medical records of PCOS patients who attended the clinic from March 2021 to 
December 2023. All patients underwent blood tests, which included assessments of fasting blood sugar levels, lipid 
profiles, and 25-hydroxyvitamin D (25(OH)D) levels. The investigation focused on evaluating the relationship between 
vitamin D levels and lipid profiles. Statistical analyses, including the chi-square test and Spearman’s correlation 
coefficient, were employed to analyze the data.

Results A total of 1004 women diagnosed with PCOS were included in the study. The age range of the participants 
was 14 to 46 years. The majority of the participants had a body mass index (BMI) within the normal range (n = 555, 
55.3%). The median vitamin D level among the participants was 26.00 (IQR: 19.00–34.00). The relationship between 
vitamin D levels and lipid profile parameters was assessed, revealing no significant correlation between vitamin D 
levels and low-density lipoprotein (LDL) (r = 0.021, p = 0.505), high-density lipoprotein (HDL) (r = 0.011, p = 0.719), or 
triglyceride (TG) (r = -0.026, p = 0.417) levels, both in non-adjusted and age-adjusted analyses.

Conclusion According to the present study, there was no significant correlation between serum 25(OH)D deficiency 
and elevated TG or LDL levels or decreased HDL levels in PCOS patients. Nevertheless, further prospective studies are 
needed to determine whether there is a causal relationship between vitamin D deficiency and lipid profile alterations, 
specifically among PCOS patients.
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Background
Polycystic ovary syndrome (PCOS) is a complicated con-
dition that affects 6–26% of women around the world 
[1]. this condition is characterized by various clinical 
symptoms, such as irregular menstrual cycles, infertil-
ity, and high levels of androgen hormones. Additionally, 
PCOS may also cause metabolic disturbances, includ-
ing obesity, hypertension, dyslipidemia, and hyperinsu-
linemia [2]. Dyslipidemia, a prevalent metabolic anomaly 
in this demographic, has a prevalence rate of 70% [3] 
and is associated with reduced levels of high-density 
lipoprotein-cholesterol (HDL-c) and apolipoprotein A-I 
(apo A-I), as well as elevated levels of triglyceride (TG), 
ApoB, low-density lipoprotein cholesterol (LDL-c) and 
very low-density lipoprotein cholesterol (VLDL-c) [4–
7]. Vitamin D deficiency is known to be more frequent 
in individuals with PCOS, and it can worsen metabolic 
and endocrine dysregulations, potentially increasing 
the risk of dyslipidemia [8, 9]. The relationship between 
25-hydroxyvitamin D (25(OH)D) concentration and lipid 
profiles has been explored in several studies, but the 
findings have been inconsistent across different popula-
tions [10–13]. While some studies have shown a strong 
association between vitamin D deficiency and elevated 
lipid levels, as well as an increased risk of cardiovascular 
diseases [14–16], there is a need for further research to 
validate these claims [17]. Notably, a study conducted in 
Iran found no effect of vitamin D deficiency on the lipid 
profile [18]. However, Atasayan demonstrated an inverse 
correlation between vitamin D levels and cardiovascular 
disease risk in women with PCOS [19]. Considering the 
importance of managing lipid levels to prevent cardio-
vascular disease in women with PCOS [20–23], screening 
and intervention strategies are crucial. By examining the 
correlation between vitamin D levels and lipid profiles 
in this cross-sectional study, we aim to contribute to the 
understanding of this relationship. The findings of our 
research may have implications for improving manage-
ment strategies for women with PCOS, ultimately reduc-
ing their cardiovascular risk.

Methods & materials
This cross-sectional study is approved by the Ethics 
Committee of the Research Vice-Chancellor of Tehran 
University of Medical Sciences (IR.TUMS.MEDICINE.
REC.1402.582) and is conducted at Arash Hospital in 
Tehran between March 2021 and December 2023. The 
study population consisted of women diagnosed with 
PCOS who had been referred to the PCOS and infertil-
ity clinic at Arash Hospital as outpatients with common 
complaints related to this syndrome. The diagnosis of 
PCOS was based on the Rotterdam diagnostic criteria, 
which require the presence of at least two out of three 
indicators: lack of ovulation or oligo-ovulation, clinical 

or laboratory evidence of increased androgen levels, and 
polycystic ovary appearance on ultrasound [24]. Accord-
ing to WHO definition of infertility, we defined infertil-
ity as an inability to conceive after 12 months or more of 
regular unprotected sexual contact.

The exclusion criteria for this study were hereditary 
adrenal hyperplasia, Cushing’s syndrome, a history of 
autoimmune disease, diabetes, liver or kidney organ fail-
ure, hyperprolactinemia, hypothyroidism, androgens 
secreting tumors, and the use of immunosuppressive 
medications or vitamin D supplementation within the 
past three months.

Patient demographic details, medical history, and 
reproductive history information were obtained from 
their medical records. According to the criteria outlined 
in the article by Hirschler et al., weight, height, systolic 
blood pressure (SBP), and diastolic blood pressure (DBP) 
were measured and recorded [21].

Laboratory measurement
The participants were sampled following a minimum 
of 10  h of fasting, between 8 and 10 am. Serum levels 
of anti-Müllerian hormone (AMH) were determined 
using two-site enzyme immunoassay (EIA). Lipid pro-
files, including, TG, LDL and HDL levels, were measured 
using standard enzymatic method (Pars Azmoon kits, 
Tehran, Iran). Fasting blood sugar (FBS) was concurrently 
measured in the same hospital laboratory using same 
kits. The body mass index (BMI) was calculated by divid-
ing weight (in kilograms) by height (in meters) squared. 
The serum level of 25(OH)D was measured using the 
Enzyme-linked immunosorbent assay method (ELISA) 
and the BXE0111kit manufactured in Iran. Vitamin D 
levels were classified according to the criteria established 
by the Endocrine Society, with levels below 29 ng/mL 
considered deficient and levels of 30 ng/mL or higher 
considered normal. A normal lipid profile was defined as 
LDL < 130  mg/dL, HDL > 30  mg/dL, or TG < 150  mg/dL 
[25].

Sample size calculation
We conducted a sample size estimation using the cor-
relation bivariate normal model in G*Power 3.1.9.4. The 
parameters used were as follows: Correlation Coefficient 
(ρ): 0.1; Significance Level (α): 0.05; and Power (1 - β): 
0.88. Based on these inputs, the calculated sample size 
required for our study reached 1004 samples.

Statistical analyses
Statistical analysis was performed using SPSS (version 21; 
SPSS, Inc., Chicago, IL, USA), with a significance level 
set at P < 0.05. The Mann‒Whitney U test was used to 
compare quantitative variables between the groups. The 
chi-square test was used to compare qualitative variables 
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among the groups. Given the aim of investigating the 
relationship between vitamin D levels and lipid profiles 
rather than establishing causality or association, Spear-
man’s correlation method was employed. This method 
is suitable for analyzing non-normally distributed vari-
ables. By using this method, we can assess the strength 
and direction of the relationship between vitamin D sta-
tus and lipid profiles, providing insights into the poten-
tial relationship between these variables in women with 
PCOS.

Ethical considerations
This cross-sectional study was approved by the Ethics 
Committee of the Research Vice-Chancellor of Tehran 
University of Medical Sciences (IR.TUMS.MEDICINE.
REC.1402.582) and was conducted at Arash Hospital in 
Tehran, Iran. Informed consent was obtained from each 
participant before the survey began, and all data collec-
tion forms were anonymized.

This cross-sectional study was approved by the Ethics 
Committee of the Research Vice-Chancellor of Tehran 
University of Medical Sciences (IR.TUMS.MEDICINE.
REC.1402.582) and was conducted at Arash Hospital in 
Tehran, Iran. Informed consent was obtained from each 
participant before the survey began, and all data collec-
tion forms were anonymized. Our study adhered to the 
principles outlined in the Helsinki Declaration.

Results
Participant characteristics
A total of 1004 women diagnosed with PCOS were 
included in the study. The age range of the participants 
was 14 to 46 years. The majority of participants had 

a BMI within the normal range (n = 555, 55.3%). The 
median vitamin D level among the participants was 26.00 
(IQR: 19.00–34.00). The baseline characteristics of the 
participants are summarized in Table 1.

Participants with vitamin D deficiency exhibited signif-
icantly higher rates of infertility compared to those with 
normal vitamin D levels, as indicated in Table 2.

Vitamin D levels and lipid profile
We utilized Spearman correlation analysis to assess the 
relationship between vitamin D levels and lipid pro-
file parameters due to the non-normal distribution of 
the variables. Our findings revealed no significant cor-
relation between vitamin D levels and LDL (r = 0.021, 
p = 0.505), HDL (r = 0.011, p = 0.719), or TG (r = -0.026, 
p = 0.417) (Figs. 1, 2 and 3). Furthermore, when control-
ling for age as a confounding factor, no significant cor-
relation between vitamin D levels and lipid profiles was 
observed. However, we did find a significant correlation 
between vitamin D levels and AMH amounts (r = -0.070, 
p = 0.026), this correlation was not significant after adjust-
ing for age (r = 0.008, p = 0.794) (Tables 3 and 4).

Subgroup analysis
Subgroup analysis was performed based on BMI catego-
ries to further explore the relationship between vitamin D 
levels and lipid profiles. Among the overweight or obese 
subgroup (BMI ≥ 25), a significant correlation was found 
between vitamin D levels and HDL cholesterol (r = 0.101, 
p = 0.042). However, the correlation was not found to be 
significant for LDL (r = -0.063, p = 0.209) or TG levels (r 

Table 1 General characteristics of the study subjects
Variable Median; (interquartile range)
Age (years) 29.00 (23.00–35.00)
BMI (kg/m2) 24.02 (21.60-27.22)
Single Marriage status (n. %) 403 (40.13)
Infertility (n. %) 277 (27.58)
HDL (mg/dl) 43.00 (38.00–46.00)
LDL (mg/dl) 83.00 (75.00-119.00)
Triglycerides (mg/dl) 90.00 (80.00-145.00)
FBS (mg/dl) 91.00 (85.00–98.00)
AMH (ng/ml) 4.50 (2.60–6.60)
Systolic blood pressure (mm/Hg) 110.00 (98.00-117.75)
Diastolic blood pressure (mm/Hg) 72.00 (65.00–77.00)
ViT D (mg/dl) 26.00 (19.00–34.00)
Vit D level
- ≤29 614 (61.15)
- ≥30 390 (38.84)
The data are presented as the number (percent) or median (interquartile range). 
BMI, body mass index; LDL, low-density lipoprotein cholesterol; HDL, high-
density lipoprotein cholesterol; TG, triglyceride; FBS, fasting blood sugar; SBP, 
systolic blood pressure; DBP, diastolic blood pressure

Table 2 Distribution of the variables by clinical category of 
25(OH)D
Variables Vit D deficiency 

(
≤ 29 ng/ml) 
(n = 614)

Normal vit D≥
30 ng/ml)
(n = 390)

P-
value

Age (years) 29.00 (13) 31.00 (11) 0.001*
BMI (kg/m2) 24.02 (5.51) 24.06 (5.60) 0.328
Married Marital status 
(n. %)

341 (55.53) 260 (66.66) 0.001*

Infertility (n.%) 157 (25.57) 120 (30.76) 0.008*
HDL (mg/dl) 43.00 (8) 43.00 (7) 0.860
LDL (mg/dl) 83.00 (45) 83.00 (40) 0.488
TG (mg/dl) 90.00 (71) 90.00 (50) 0.660
FBS (mmol/L) 91.00 (13) 92.00 (11) 0.976
AMH (ng/ml) 4.50 (4.33) 4.20 (3.33) 0.079
SBP (mm/Hg) 110.00 (19) 111.00 (20) 0.174
DBP (mm/Hg) 72.00 (12) 73.50 (12) 0.304
BMI, body mass index; LDL, low-density lipoprotein cholesterol; HDL, high-
density lipoprotein cholesterol; TG, triglyceride; FPG, fasting plasma glucose; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; PCOS, polycystic 
ovary syndrome. The Mann‒Whitney U test was applied. The data are 
presented as the number (percent) or median (interquartile range).  *P-value< 
0.05 is considered significant.
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= -0.082, p = 0.099). In contrast, no significant correlation 
was observed between any of the lipid profile parameters 
and vitamin D status within normal BMI.

Discussion
This cross-sectional study aimed to evaluate the rela-
tionship between vitamin D levels and lipid profiles in 
women with PCOS using Spearman correlation analy-
sis. The findings indicated no significant correlation 
between vitamin D levels and LDL-C, HDL, or TG lev-
els. However, subgroup analysis revealed a significant 
correlation between vitamin D levels and HDL among 
the overweight or obese subgroup. These results sug-
gest that higher vitamin D levels may not be associated 
with improved lipid profiles in PCOS patients. Further-
more, our analysis demonstrated a significant associa-
tion between vitamin D levels and AMH levels but this 
relationship was not significant after adjusting for age 
suggesting the original correlation was merely a result of 
age-related effects.

This study unveiled a significant deficiency in vitamin 
D among PCOS patients, with a striking 61% registering 
vitamin D levels below 29 ng/dl. This concern transcends 
the geographic scope of the study’s origin and mirrors 
a global issue, with Li et al. finding that 72% of PCOS 
women are either deficient or insufficient [26]. Multiple 
studies have highlighted the correlation between vita-
min D deficiency and the development of PCOS [27, 
28]. In contrast to our findings, Wang et al. reported a 
negative correlation between serum 25(OH)D concen-
trations and total cholesterol and LDL-C in women with 
PCOS, alongside a positive correlation with HDL-C 

Table 3 Correlation between vitamin D levels and lipid profiles 
in women with polycystic ovary syndrome
Variable R P-value
Age (years) 0.130 0.001*
BMI (kg/m2) 0.035 0.272
HDL (mg/dl) 0.011 0.719
LDL (mg/dl) 0.021 0.505
Triglycerides (mg/dl) -0.026 0.417
FBS (mg/dl) 0.006 0.861
AMH (ng/ml) -0.070 0.026*
Systolic blood pressure (mm/Hg) 0.048 0.132
Diastolic blood pressure (mm/Hg) 0.038 0.232
The Spearman correlation test was applied;  *P-value< 0.05 is considered 
significant.

Table 4 Correlation between vitamin D levels and lipid profiles 
in women with polycystic ovary syndrome, controlling for age
Variable R P-value
HDL (mg/dl) 0.031 0.321
LDL (mg/dl) -0.002 0.949
Triglycerides (mg/dl) -0.028 0.374
The Spearman correlation test was applied

Fig. 3 Comparison of the minimum TG, LDL, and HDL levels between the 
vitamin D-deficient and normal vitamin D-level groups. Triglyceride (TG), 
low-density lipoprotein (LDL), and high-density lipoprotein (HDL)

 

Fig. 2 Comparison of the maximum TG, LDL, and HDL levels between the 
vitamin D-deficient and normal vitamin D-level groups. Triglyceride (TG), 
low-density lipoprotein (LDL), and high-density lipoprotein (HDL)

 

Fig. 1 Comparison of the Medians of TG, LDL, and HDL levels between 
the vitamin D deficient and normal vitamin D levels groups. Triglyceride 
(TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL)
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[28]. However, our results align with those of Li et al., 
who reported no significant correlation between serum 
25(OH) D concentrations and TG levels. These findings 
suggest that maintaining adequate vitamin D levels may 
not impact TG levels in PCOS patients [29]. Huang et al. 
observed that vitamin D-deficient overweight or obese 
individuals display elevated levels of TG, total choles-
terol, and LDL, as well as decreased HDL [30].

Three studies have reported an inverse relationship 
between serum 25(OH)D3 concentrations and triglyc-
eride (TG) levels in patients with PCOS [31–33]. Con-
versely, seven studies have shown no clear link between 
lipid profiles and 25(OH)D serum levels [34–40]. the 
discrepancies may stem from various factors, including 
sample size, population characteristics, participant hab-
its, and racial disparities. Addressing these variations, 
multicenter two-group studies have been proposed to 
explore the correlation between serum vitamin D con-
centration and lipid profile in women with PCOS.

The relationship between vitamin D status and lipid 
profiles is not fully understood, but there are several pos-
sible explanations [41]. One theory suggests that higher 
levels of vitamin D can increase the activity of the lipo-
protein lipase enzyme in adipose tissue. This could 
explain the inverse relationship between the serum 25- 
hydroxyvitamin D concentration and TG levels [42]. 
Additionally, vitamin D may indirectly influence the lipid 
profile by modulating parathormone activity, and in vitro 
studies have indicated that parathormone can reduce 
lipolysis [43].

It is well established that vitamin D plays a crucial role 
in maintaining calcium homeostasis. Research indicates 
that it can significantly reduce the hepatic secretion of 
TG by elevating calcium levels [44, 45]. Calcium intake 
reduces fatty acid absorption [46, 47]. Increased calcium 
absorption facilitated by vitamin D may consequently 
lead to reductions in cholesterol, TG, and LDL levels [48]. 
Furthermore, vitamin D is associated with lower TG lev-
els, potentially due to heightened lipoprotein lipase activ-
ity and increased leptin production, which can diminish 
lipogenesis and enhance lipolysis [49].

Notably, vitamin D deficiency in overweight or obese 
adults may inhibit lipoprotein lipase gene expression and 
lead to dyslipidemia, while hyperparathyroidism can also 
distort serum vitamin D levels and contribute to lipid 
profile alterations [50, 51]. Although the exact mecha-
nisms underlying these associations remain elusive, these 
findings underscore the importance of maintaining ade-
quate vitamin D levels and monitoring hormone function 
in overweight or obese individuals.

Future studies should explore the impact of lipoprotein 
lipase levels and hyperparathyroidism status on patients, 
although confirming these findings will necessitate addi-
tional randomized clinical trials.

The strength of our study lies in its large sample size 
and careful participant selection, which enhances the 
generalizability of the findings. By including a substan-
tial number of participants, we were able to reduce the 
likelihood of sampling bias and increase the statistical 
power of the study. The utilization of Spearman correla-
tion analysis allowed for the examination of non-linear 
relationships, providing a more nuanced understanding 
of the issue. Additionally, our study contributes to the 
existing literature by exploring the association between 
vitamin D levels and lipid profiles in different subgroups, 
particularly the overweight or obese subgroup.

Limitations
The findings of Our study are subject to several limita-
tions. First, the presence of confounding factors may have 
influenced the results. Our study did not consider factors 
such as dietary fat intake, insulin resistance, and testos-
terone levels. Furthermore, our study did not include an 
assessment of total cholesterol levels which limits the 
interpretation of our findings. Future studies should con-
sider the inclusion of total cholesterol measurements to 
provide a more comprehensive assessment.

Conclusion
In conclusion, our study did not reveal a significant cor-
relation between vitamin D deficiency and elevated 
TG, or LDL levels or between vitamin D deficiency and 
reduced HDL levels in PCOS patients. However, further 
prospective investigations are warranted to elucidate 
whether a causal relationship exists between vitamin D 
deficiency and alterations in lipid profiles among over-
weight or obese individuals with PCOS. These insights 
are crucial for advancing our understanding of the com-
plex interplay between vitamin D and lipid metabolism in 
the PCOS population.
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