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Abstract 
Uterine fibroids (UFs) represent a significant clinical burden, affecting 
a vast majority of women during their reproductive years. Emerging 
evidence suggests that 1,25-dihydroxy vitamin D3 acts as a potent 
modulator of leiomyoma growth, while ectopic prolactin (PRL) 
secretion from fibroid tissue may contribute to systemic hormonal 
imbalances. This study evaluated the relationship between serum 
vitamin D3, PRL, and fibroid characteristics in a cohort from Andhra 
Pradesh. Following STROBE guidelines, this cross-sectional study 
analyzed 210 premenopausal women (105 cases with UFs ≥ 2 cm and 
105 age- and BMI-matched controls). Serum was separated within 30 
minutes of collection by centrifugation at 3000 rpm for 10 minutes and 
stored at -80°C until biochemical analysis. Vitamin D3 was quantified 
via ELISA, and PRL levels were determined through 
electrochemiluminescence immunoassay. Cases demonstrated 
significantly lower mean serum vitamin D3 levels compared to 
controls (10.85 ± 3.34 ng/mL vs. 19.64 ± 5.50 ng/mL; P < 0.001). 
Conversely, mean PRL levels were significantly higher in women with 
fibroids (27.79 ± 8.19 ng/mL vs. 13.96 ± 4.09 ng/mL; P < 0.001). We 
observed a strong negative correlation between vitamin D3 and fibroid 
number (r = -0.513; P < 0.0001) and a positive correlation with PRL 
levels (r = 0.453; P < 0.0001). Neither marker showed a statistically 
significant correlation with fibroid size. Our findings indicate that 
hypovitaminosis D and elevated serum prolactin are distinctive 
biochemical hallmarks in women with uterine fibroids. These 
parameters may serve as effective biomarkers for monitoring disease 
progression and informing therapeutic strategies. 
 
Keywords: Uterine fibroids, Serum vitamin D3, Serum prolactin, 
Premenopausal, Biomarkers, Leiomyoma. 
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Introduction 
Uterine fibroids, clinically referred to as 
leiomyomas, represent the most prevalent form 
of benign neoplastic growth among women 
within the reproductive demographic[1]. These 
monoclonal tumors are characterized by their 
non-malignant nature and arise specifically from 
the smooth muscle architecture of the uterus[2]. 
In India, UFs are highly prevalent, especially in 
women aged 30–40 but can occur at any age, 
posing a significant burden on women’s health 
and the healthcare system [4], UFs can cause 
reproductive problems, including infertility, 
miscarriage, adverse pregnancy outcomes, and 
reduced quality of life [5]. Multifactorial 
etiopathology with hormonal factors, African-
American race, nulliparity, obesity, and a 
positive history of fibroids are the risk factors 
for high rate of leiomyoma. They may be 
asymptomatic or can cause abnormal bleeding, 
pelvic pressure symptoms, infertility and growth 
or regress throughout the life[3] . In an in-vivo 
model of leiomyomas in rats, Halder et al 
demonstrated that 1,25 dihydroxyvitamin D3 
causes a dramatic reduction in the dimension of 
the lesions [4,5]. Several UF risk factors were 
identified including, most importantly, black 
race, older age, vitamin D deficiency, obesity, 
family history, low parity, long period since last 
labor, food additives or soybean milk 
consumption, and hypertension [6,7]. Although 
commonly benign, UFs are associated with 
significant morbidity. Although some UF 
patients may be asymptomatic, 25–50% of them 
may present a wide range of severe and chronic 
symptoms, such as abnormal uterine bleeding 
(AUB), anemia, pelvic pain and pressure, 
gastrointestinal problems, subfertility, and 
various obstetric complications [8-10]. 
Numerous UF-derived symptoms may be 
explained by cytokine influence [11,12]. 
Transforming growth factor β (TGF-β) appears 
to be one of the most involved growth factors in 
UFs considering its role in fibrosis [11,13]. 
Additionally, the inflammatory process highly 
contributes to tumor biology via several 
cytokines [11,14]. Prolactin (PRL), a 
polypeptide hormone synthesized within the 

anterior pituitary, is primarily recognized for its 
regulatory role in mammary tissue maturation 
and the initiation of lactation. Beyond its 
systemic pituitary origin[15], PRL expression 
has been identified in various peripheral tissues, 
including uterine leiomyomas[16]]. Current 
evidence indicates that these fibroids may 
function as an autonomous, extra-pituitary site 
of prolactin secretion. Such ectopic production 
by the tumor tissue can lead to pathologically 
high serum PRL levels[17], which are clinically 
associated with impaired fertility[18]. 
Our research highlights a significant gap, as no 
previous investigations have concurrently 
analyzed the synergistic association of vitamin 
D3 and prolactin with the presence of uterine 
fibroids. To address this lack of data, the present 
study was designed to systematically evaluate 
the correlation between serum vitamin D3 
concentrations, prolactin levels, and the specific 
clinical characteristics namely the count and 
dimensions of fibroids in premenopausal 
women. 
 

Materials and Methods 
Study Design and Setting: Our study following 
STROBE guidelines, we conducted a cross-
sectional study across rural community health 
centers and outreach fertility clinics in South 
India. Data collection spanned six months, from 
January to June 2023. 
Eligibility and Recruitment: In our study, 
Premenopausal women aged 18–50 were 
screened. Inclusion criteria for the case group 
required the presence of at least one fibroid ≥2 
cm on transvaginal ultrasonography (TVS). 
Exclusion criteria included pregnancy, lactation, 
history of miscarriage within six months, recent 
use of hormonal contraceptives or Vitamin D 
supplements, and systemic conditions like 
chronic renal failure or pituitary disorders. 
The study involved a total of 210 premenopausal 
women recruited from rural community health 
centers and outreach fertility clinics in South 
India. Participants were divided into two equal 
groups: a case group (n=105) consisting of 
women with at least one uterine fibroid ≥ 2cm 
confirmed by transvaginal ultrasonography, and 
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a control group (n=105). Anthropometric 
measurements included height, weight, BMI, 
age, and age of menarche. Detailed clinical data 
regarding daily physical activity, duration of sun 
exposure, family history of UFs, diet, and 
menstrual cycle regularity were gathered 
through a combination of structured interviews 
and medical record reviews.  
Sample Collection and Processing:  After 
obtaining written informed consent, venous 
blood samples were collected from all 
participants under aseptic conditions. Serum was 
separated within 30 minutes of collection by 
centrifugation at 3000 rpm for 10 minutes and 
stored at -80°C until biochemical analysis. 
Serum vitamin D3 was subsequently quantified 
via ELISA, and PRL levels were determined 
through electrochemiluminescence 
immunoassay. 
 
Statistical analysis 
This statistical methodology outlines a standard 
quantitative approach where data managed in 
MS Excel was analyzed via SPSS v16.0, using 
Mean ± SD for continuous variables and 
frequencies for categorical ones. To determine 
relationships, the researchers employed Chi-
square tests for categorical associations and 
independent t-tests to compare group means, 
while utilizing Pearson and Spearman 
correlations to evaluate linear and non-
parametric relationships, respectively. The 
significance threshold was set at P < 0.05, 
ensuring that any identified associations or 

differences had a 95% probability of not being 
due to random chance. 
 
Ethical consideration 
The study was conducted in strict adherence to 
the International Council for Harmonization 
(ICH) "Guidance for Good Clinical Practices," 
the Indian Council of Medical Research (ICMR) 
"Guidelines for Biomedical Research on Human 
Participants," and the Declaration of Helsinki. 
The study protocol received formal approval 
from the Institutional Ethics Committee (IEC). 
Prior to enrollment, all participants were fully 
informed about the study's objectives, and 
written informed consent was obtained from 
each individual. The authors certify that patient 
confidentiality was maintained throughout the 
data collection and analysis process. 
 
Results 
A total of 436 women were assessed for 
eligibility across the rural community health 
centers and outreach fertility clinics in Andhra 
Pradesh. Following the screening and enrollment 
process, 226 women were excluded for not 
meeting inclusion criteria, declining 
participation, or incomplete clinical testing. 
Consequently, 210 premenopausal women were 
recruited and allocated into two equal cohorts: 
the case group (n=105) and the matched control 
group (n=105). All 210 participants were 
included in the final analysis, with no exclusions 
from the analysis stage.  
 

 
Table 1: General characteristics of the case and control groups (N=210) 

Characteristics Case (n=105) Control (n=105) Total (n=210) P-value 
Age (years), (Mean±SD) 35.67 ± 5.06  34.26 ± 5.15  34.96 ± 5.15  0.08*  
Age at menarche (year), (Mean±SD) 12.82 ± 1.52  13.02 ± 1.45  12.92 ± 1.49  0.40*  
Body Mass Index (kg/m2), (Mean±SD) 25.24 ± 3.54  24.76 ± 3.28  25.00 ± 3.42  0.37*  
Weight (kg), (Mean±SD) 62.4 ± 8.1 60.8 ± 7.9 61.6 ± 8.0 0.15* 
Height (cm), (Mean±SD) 157.2 ± 5.4 156.8 ± 5.1 157.0 ± 5.3 0.58* 
Family History of UFs, n (%) 28 (26.7) 12 (11.4) 40 (19.0) 0.005** 
Menstrual Cycle Status     
Irregular, n (%) 13 (12.4)  7 (6.7)  20 (9.5)  0.17**  
Regular, n (%) 92 (87.6)  98 (93.3)  190 (90.5)   
Physical Activity (hrs/week)     
Low (< 1 h.), n (%) 45 (42.9)  64 (60.9)  109 (51.9)  <0.001**  
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Moderate (1–2 h.), n (%) 26 (24.8)  9 (8.6)  35 (16.7)   
High (> 2 h.), n (%) 34 (32.3)  32 (30.5)  66 (31.4)   
Sun Exposure (h/day)     
Low (< 1 h.), n (%) 77 (73.3)  29 (27.6)  106 (50.5)  <0.001**  
Moderate (1 h.), n (%) 15 (14.3)  47 (44.8)  62 (29.5)   
High (> 1 h.), n (%) 13 (12.4)  29 (27.6)  42 (20.0)   
Dietary Habit     
Vegetarian, n (%) 54 (51.4)  37 (35.2)  91 (43.3)  0.03**  
Non-vegetarian, n (%) 51 (48.6)  68 (64.8)  119 (56.7)   

 
*Independent t-test, **Chi-square test. SD: Standard deviation. All values adapted for N=210  
 
The statistical analysis confirms that the case and control groups were effectively matched, as 
evidenced by the lack of significant differences in age (P=0.08), age at menarche (P=0.40), and BMI 
(P=0.37). This parity is crucial for minimizing confounding variables when assessing the relationship 
between Vitamin D3, Prolactin, and uterine fibroids. However, the data reveals a strong association 
between uterine fibroids and lifestyle choices, specifically significantly lower sun exposure (P<0.001) 
and distinct physical activity patterns (P<0.001) in the case group compared to controls. Additionally, 
family history appears to be a notable risk factor, with a significantly higher prevalence in cases 
(26.7%) than in controls (11.4%). 
 
Table 2: Comparative Distribution of Serum Markers and Clinical Parameters (N=210) 

Characteristics Case (n=105) Control (n=105) Total (n=210) P-value 

Serum Vitamin D3 (ng/mL), (Mean±SD) 10.85 ± 3.34 19.64 ± 5.50 15.25 ± 6.31 <0.001*  

Vitamin D3 Status, n (%)     

Deficient (<10 ng/mL) 49 (46.7) 7 (6.7) 56 (26.7) <0.001**  

Insufficient (10–19.9 ng/mL) 56 (53.3) 35 (33.3) 91 (43.3)  

Sufficient (≥ 20 ng/mL) 0 (0.0) 63 (60.0) 63 (30.0)  

Serum Prolactin (ng/mL), (Mean±SD) 27.79 ± 8.19 13.96 ± 4.09 20.87 ± 9.47 <0.001*  

Prolactin Level, n (%)     

Normal (≦ 23.3 ng/mL) 25 (23.8) 104 (99.0) 129 (61.4) <0.001**  

High (> 23.3 ng/mL) 80 (76.2) 1 (1.0) 81 (38.6)  

Number of Fibroids, (Mean±SD) 2.4 ± 1.2 - - - 

Total Fibroid Size (cm), (Mean±SD) 4.8 ± 2.1 - - - 

Haemoglobin (Hb) (g/dL), (Mean±SD) 10.2 ± 1.4 12.1 ± 1.1 11.2 ± 1.3 0.002* 

*Independent t-test, **Chi-square test. SD: Standard deviation. 
 
At this stage our study in case of The biochemical analysis reveals a highly significant disparity 
between the two groups, with the case group displaying markedly lower mean serum Vitamin D3 
levels (10.85 ± 3.34 ng/mL) compared to controls (19.64 ± 5.50 ng/mL; P<0.001). Notably, 100% of 
the case group fell into the deficient or insufficient Vitamin D3 categories, whereas 60% of the 
control group maintained sufficient levels. Conversely, serum prolactin levels were significantly 
elevated in the case group (27.79 ± 8.19 ng/mL) relative to the healthy controls (13.96 ± 4.09 ng/mL; 
P<0.001). These results, combined with the slightly lower haemoglobin levels in cases, suggest that 
Vitamin D3 deficiency and hyperprolactinemia are significant biochemical features in premenopausal 
women with uterine fibroids in this Andhra Pradesh cohort. 
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Table 3: Correlation between Serum Markers and Fibroid Characteristics in the Case Group (n=105) 
 
Variables r / P-

value 
Serum Vitamin D3 
(ng/mL) 

Serum Prolactin 
(ng/mL) 

Number of 
Fibroids 

Size of 
Fibroids (cm) 

Serum Vitamin 
D3 

r — -0.099 -0.513*** 0.006 

 P-value — 0.383 <0.0001 0.961 
Serum 
Prolactin 

r -0.099 — 0.453*** 0.154 

 P-value 0.383 — <0.0001 0.172 
Number of 
Fibroids 

r -0.513*** 0.453*** — 0.215 

 P-value <0.0001 <0.0001 — 0.056 
*Pearson correlation coefficient is significant at the 0.01 level (2-tailed). 
The study now proves that serum Vitamin D3 levels share a strong, highly significant negative 
correlation with the number of fibroids (r = -0.513, P < 0.0001), signifying that as Vitamin D3 levels 
decrease; the number of uterine fibroids tends to rise. On the other hand, serum Prolactin (PRL) levels 
exhibit a strong positive correlation with the number of fibroids (r = 0.453, P < 0.0001), indicating 
that upper prolactin concentrations are associated with a greater fibroid count. Interestingly, neither 
Vitamin D3 nor Prolactin indicated a statistically significant correlation with the specific size of the 
fibroids in this our study (P > 0.05). 
 

 
Fig1:  Box Plot represents the distribution of vitamin D3 levels in case and control groups. 
 
In above graph, the distribution of serum vitamin D3 levels across the study (N=210) in Andhra 
Pradesh, which underlines a profound biochemical difference between the cohorts. The case group 
(n=105) displays significantly lower median vitamin D3 levels (10.45 ng/mL) compared to the 
healthy control group (n=105), which reveals a significantly higher median concentration of 21.0 
ng/mL (P < 0.001). As illustrated, the interquartile range for cases is entirely confined within the 
deficient and insufficient zones, whereas the control group displays a broader distribution getting into 
the sufficient range. This graphical representation confirms that hypovitaminosis D is a distinctive 
clinical feature in premenopausal women with uterine fibroids compared to matched controls in this 
regional setting. 
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Figure2 : Box plot represents the distribution of serum prolactin levels in case and control groups. 
 
In above graph, the distribution of serum 
prolactin (PRL) levels across the study 
population (N=210) in Andhra Pradesh is 
illustrated in Figure 3, revealing significantly 
higher concentrations in the case group 
compared to healthy controls. We observed that, 
The mean serum PRL level in premenopausal 
women with uterine fibroids was markedly 
elevated at 27.79 ± 8.19 ng/mL, while the 
control group maintained a significantly lower 
mean of 13.96 ± 4.09 ng/mL (P < 0.001). As 
shown in the box plot, the case group exhibits a 
median value of 26.185 ng/mL with a distinct 
shift toward hyperprolactinemia, including 
clinical outliers reaching concentrations as high 
as 68.75 ng/mL. In contrast, the control group's 
distribution remains concentrated within the 
normal physiological range with a median of 
13.27 ng/mL, endorsing that the elevated PRL 
levels observed in the case cohort are 
statistically significant and also it represent a 
key biochemical characteristic of the disease 
within this regional inhabitants. 

Discussion 
As mentioned by Mohamed et al. in 2016, the 
routine screening of pregnant patients for 
vitamin D deficiency was conducted by large 
group of clinicians and studies showed the 
benefits of vitamin D supplementation in those 
women [19]. Similarly, we believe it will soon 
become the daily practice of clinicians who treat 
women with UFs. Notably, the response to 
vitamin D medications might differ among 
populations and even in the same person [20].  
The clinical findings of this study demonstrate a 
profound biochemical imbalance in 
premenopausal women from Andhra Pradesh 
diagnosed with uterine fibroids (UFs). Our data 
indicate that the mean serum vitamin D3 levels 
were markedly lower in the case group 
compared to healthy, matched controls (10.85 ± 
3.34 ng/mL vs. 19.64 ± 5.50 ng/mL). This 
observation is consistent with recent Indian 
research, such as the study by Srivastava et al. 
[21] in Lucknow, which similarly identified 
significantly reduced 25-hydroxy vitamin D3 
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levels in women with fibroids. The high 
prevalence of deficiency in our case group—
where not a single patient reached the 
"Sufficient" threshold of ≥ 20 ng/mL—supports 
the hypothesis that hypovitaminosis D is a 
critical risk factor for leiomyoma development. 
A study by Paffoni et al. [22] who investigated 
similar research query in 126 women with 
fibroid and 256 controls visiting two infertility 
clinics in Italy. They found lower mean serum 
concentration of 25-hydroxyvitamin D3 in 
women with fibroid compared to controls (18.0 
± 7.7 vs. 20.8 ± 11.1 ng/mL, respectively, p = 
.010). Moreover, they reported that the crude 
odds ratio (OR) for the presence of fibroids in 
women with serum levels of 25-hydroxyvitamin 
D3 below 10 ng/mL compared with those with 
25-hydroxyvitamin D3[10 ng/mL was 2.2 (95% 
confidence interval [CI] 1.1–4.3) (p = .022). 
The biological mechanism underlying this 
association likely involves the role of 1,25-
dihydroxy vitamin D3 as a potent inhibitor of 
cellular proliferation. Evidence from in vitro 
studies suggests that vitamin D3 downregulates 
key growth markers like proliferating cell 
nuclear antigen (PCNA) and B-Cell Leukemia 
(BCL-2) in human leiomyoma cells. 
Furthermore, vitamin D3 acts as an antifibrotic 
agent by suppressing the expression of 
extracellular matrix proteins, such as collagen 
type-1 and fibronectin, and reducing the 
profibrotic effects of transforming growth factor 
β-3 (TGF-β3). Our findings of a strong negative 
correlation (r = -0.513) between vitamin D3 
levels and the number of fibroids reinforce the 
clinical significance of these molecular 
pathways. 
A cross sectional study conducted by Halder et 
al included 104 women with fibroid and 50 
controls without the disease. They similarly 
reported lower mean serum vitamin D3 
concentration among cases with fibroid [23]. 
Simultaneously, our study highlights the role of 
prolactin (PRL) as a significant biomarker. We 
observed that serum PRL levels were 
significantly elevated in the case group (27.79 ± 
8.19 ng/mL) compared to controls (13.96 ± 4.09 
ng/mL). Research suggests that UFs may serve 

as an extra-pituitary source of PRL, contributing 
to a state of hyperprolactinemia that is 
independent of thyroid function. The positive 
correlation between PRL levels and the number 
of fibroids (r = 0.453) indicates that as the 
disease progresses and fibroid burden increases, 
serum PRL levels rise accordingly. This 
supports the theory that fibroids are not merely 
responsive to hormonal environments but are 
active endocrine-secreting tissues. 
Beyond biochemical markers, lifestyle factors 
played a significant role in our regional cohort. 
A significant majority of women in the case 
group reported low sun exposure (73.3%) and 
reduced physical activity, both of which are 
strongly associated with lower vitamin D3 
synthesis. These findings mirror those of Sabry 
et al. [24], who also noted that lower serum 
vitamin D3 levels inversely correlated with total 
fibroid volume. The increased risk observed in 
participants with a family history of UFs (26.7% 
in cases vs. 11.4% in controls) further 
emphasizes the multifactorial nature of this 
condition, combining genetic predisposition 
with environmental and biochemical triggers. 
Establishing a definitive causal link would 
necessitate a rigorous, prospective longitudinal 
cohort study, involving serial measurements of 
vitamin D status alongside consistent patient 
monitoring to track the actual incidence of 
uterine fibroid development. However, 
implementing such an exhaustive analytical 
framework is resource-intensive and may 
require several years of observation, making it 
clinically and logistically challenging to 
execute.[25,26] 
So implication of vitamin D deficiency in 
uterine fibroid will bring in a whole new 
therapeutic aspect and it will impart a huge 
impact in the outcome.[27,28] also, it is vital to 
find out whether or not vitamin D 
supplementation will help in regression of 
fibroid. In this regard, Halder and colleague 
reported reduction in the size of uterine fibroid 
in the Eker rat model after vitamin D3 
supplementation [29]. The findings of this 
investigation demonstrate a clear inverse 
relationship between vitamin D deficiency and 
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the prevalence of uterine fibroids within this 
South Indian population. These results reveal a 
significant clinical opportunity for both the 
prevention and non-invasive management of 
leiomyomas in women of reproductive age. By 
establishing hypovitaminosis D as a modifiable 
risk factor, our data suggest that biochemical 
monitoring and targeted supplementation may 
play a pivotal role in managing disease burden 
in this regional cohort. However, further 
longitudinal studies are warranted to fully 
validate these associations and refine 
standardized therapeutic protocols. 
 
Limitations and Future Directions  
While our study is limited by its cross-sectional 
nature and relatively small regional sample size, 
it provides early and vital clinical data on the 
concurrent roles of vitamin D3 and prolactin in 
South Indian women. Given that randomized 
clinical trials have shown vitamin D3 
supplementation can inhibit leiomyoma growth 
and prevent recurrence, our results suggest that 
monitoring and correcting these biochemical 
levels could be an effective, non-invasive 
management strategy for uterine fibroids. 
Acknowledging the inherent constraints of this 
research is vital for a balanced interpretation of 
the biochemical data obtained from the Andhra 
Pradesh cohort. The primary limitation of this 
study resides in its cross-sectional design, which 
effectively identifies significant associations 
between hypovitaminosis D, 
hyperprolactinemia, and uterine fibroids but 
cannot definitively establish a temporal causal 
sequence. Furthermore, while the sample size of 
210 participants provided sufficient statistical 
power to detect highly significant differences (P 
< 0.001), the findings are geographically 
specific to South Indian women and may be 
influenced by regional dietary or environmental 
factors that limit universal generalizability. 
Future research should prioritize longitudinal 
interventions, specifically randomized clinical 
trials, to evaluate whether therapeutic correction 
of hypovitaminosis D can actively reduce fibroid 
volume or prevent post-surgical recurrence. 
Additionally, expanding molecular 

investigations into the extra-pituitary pathways 
of prolactin secretion within leiomyoma tissue 
would further clarify the endocrine role of these 
tumors and refine non-invasive diagnostic 
protocols. 
 
Conclusion 
In conclusion, our study demonstrates that 
premenopausal women with uterine fibroids in 
Andhra Pradesh exhibit a distinct biochemical 
profile characterized by significantly lower 
serum vitamin D3 levels and elevated serum 
prolactin concentrations compared to healthy 
controls. The data reveal a strong negative 
correlation between vitamin D3 and the number 
of fibroids, suggesting that hypovitaminosis D 
may be a significant risk factor in the growth 
and progression of these benign tumors. 
Conversely, the positive correlation observed 
with prolactin levels supports the theory that 
fibroids may act as an extra-pituitary source of 
this hormone, potentially contributing to 
reproductive complications. Furthermore, the 
significant associations with lifestyle factors, 
such as reduced sun exposure and sedentary 
physical activity, highlight the importance of 
environmental and behavioral influences on the 
disease's prevalence in this regional cohort. 
These findings emphasize that monitoring serum 
vitamin D3 and prolactin levels could serve as 
essential clinical biomarkers for the early 
detection and management of uterine fibroids. 
Future long-term clinical trials with larger 
sample sizes are recommended to confirm these 
associations and to evaluate the therapeutic 
potential of vitamin D3 supplementation as a 
non-invasive treatment strategy. 
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