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Introduction: Abnormal lipid metabolism and oxidative stress have both been implicated in uterine fibroids (UFs), but the relation
ship between these processes in patients with UFs remains unclear. The present study examined the correlation between serum levels 
of very-low-density lipoprotein cholesterol (VLDL-C) and superoxide dismutase (SOD) in patients with UFs.
Methods: This retrospective cross-sectional study included 1435 patients with UFs hospitalized at the Affiliated Hospital of Jining 
Medical University from January 2016 to December 2022. The correlation between SOD and VLDL-C was examined using baseline 
VLDL-C as the independent variable and SOD as the dependent variable. Age, body mass index (BMI), maximum fibroid diameter, 
and menstrual characteristics were considered covariates. The study population was divided into single-fibroid and multiple-fibroid 
groups based on the number of fibroids.
Results: A significant negative correlation between VLDL-C and SOD was observed in the overall study population and in both the 
single-fibroid and multiple-fibroid groups.
Conclusion: This study demonstrated a significant negative correlation between VLDL-C and SOD levels in patients with UFs. These 
findings support further prospective studies to determine whether the combined assessment of VLDL-C and SOD could aid the 
evaluation of lipid-related oxidative stress in this population.
Keywords: uterine fibroids, superoxide dismutase, very-low-density lipoprotein cholesterol, lipid metabolism, oxidative stress

Introduction
Uterine fibroids (UFs) are the most common benign neoplasms of the uterus, with a cumulative incidence approaching 
70% by 50 years of age.1–4 Although many patients remain asymptomatic, UFs can cause abnormal uterine bleeding, 
pelvic pain, and anemia, substantially impair quality of life, and, in some cases, contribute to infertility.4–6 Despite their 
high prevalence and considerable clinical burden, UF pathophysiology remains incompletely understood. Metabolic and 
vascular abnormalities have recently received increasing attention as potential factors involved in UF development.

UFs and atherosclerotic lesions share several pathological features, including smooth muscle cell dysregulation and 
extracellular matrix remodeling.7,8 Dyslipidemia, particularly elevated triglyceride levels, has also been associated with the 
presence of UFs, suggesting a possible link between lipid metabolism and UF pathophysiology.8,9 Very-low-density 
lipoprotein cholesterol (VLDL-C) represents the cholesterol carried by triglyceride-rich VLDL particles and has been widely 
studied in relation to atherosclerotic cardiovascular disease (ASCVD).10,11 In atherosclerosis, VLDL and other triglyceride- 
rich lipoproteins have been linked to oxidative stress, vascular inflammation, and endothelial dysfunction, indicating a close 
relationship between triglyceride-rich lipoprotein metabolism and redox imbalance.10,12 These observations suggest that 
oxidative stress may also be relevant to the relationship between lipid metabolic abnormalities and UFs.
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Oxidative stress has also been implicated in UF pathophysiology. An imbalance between reactive oxygen species 
production and antioxidant defenses may contribute to leiomyoma cell proliferation, extracellular matrix remodeling, and 
fibrotic changes in leiomyoma tissue.13–15 Superoxide dismutase (SOD) is a key enzymatic antioxidant that catalyzes the 
dismutation of superoxide anions into hydrogen peroxide and molecular oxygen, thereby limiting superoxide-mediated 
cellular injury.13,16,17 Cellular and clinical studies suggest that SOD-mediated antioxidant defenses are impaired in UFs. 
Reduced SOD expression and enzymatic activity have been reported in human leiomyoma cells, together with lower 
circulating SOD activity in women with UFs.13,18 Increased acetylation of manganese superoxide dismutase (MnSOD) at 
lysine 122, a post-translational modification associated with reduced enzymatic activity, has also been detected in 
leiomyoma tissues and primary leiomyoma cells compared with matched myometrial controls.19 Taken together, these 
findings support a link between impaired SOD-mediated antioxidant defenses and redox imbalance in UFs.

Despite growing evidence linking dysregulated lipid metabolism and impaired antioxidant defenses to UFs, it remains 
unclear whether circulating VLDL-C is correlated with SOD levels in patients with UFs. Defining this relationship may 
help clarify the relationship between lipid metabolism and antioxidant status in this population. We therefore conducted 
a retrospective cross-sectional study to examine the correlation between serum VLDL-C and SOD levels after adjustment 
for relevant demographic, menstrual, and fibroid-related factors. We also performed subgroup analyses in patients with 
single and multiple fibroids to assess the consistency of this correlation across groups.

Materials and Methods
Study Design
This was a retrospective cross-sectional study based on electronic medical records from the Department of Gynecology, 
Affiliated Hospital of Jining Medical University. VLDL-C, SOD, and relevant covariates were obtained from baseline 
preoperative records during the same hospitalization, and no longitudinal follow-up data were used. Baseline VLDL-C was 
considered the independent variable, and SOD was considered the dependent variable for the analysis of their correlation.

Study Population
This retrospective cross-sectional study included patients with UFs whose relevant clinical information was collected 
from the Department of Gynecology at the Affiliated Hospital of Jining Medical University. Data were extracted from the 
hospital’s electronic medical record system and de-identified to protect patient privacy. The study was approved by the 
Ethics Committee of the Affiliated Hospital of Jining Medical University (approval number: 2022C114). The require
ment for informed consent was waived by the Ethics Committee in accordance with the institutional ethical review policy 
for retrospective studies using de-identified existing clinical data. The study was conducted in accordance with the 
Declaration of Helsinki.

The study population comprised patients who visited the Department of Gynecology, Affiliated Hospital of Jining 
Medical University from January 2016 to December 2022. Inclusion criteria: (1) UFs determined by postoperative 
pathology or (2) UFs determined by auxiliary examination and preoperative clinical manifestations. Exclusion criteria: 
(1) use of antibiotics or lipid-lowering drugs within 3 months before surgery; (2) the presence of hematological diseases, 
malignant tumors, autoimmune diseases, metabolic diseases, hypersplenism, or active infections; (3) use of glucocorti
coids, long-term immunomodulatory drugs, or anti-inflammatory drugs; (4) age <18 years old; (5) pregnancy or lactation; 
and (6) previous use of drugs or surgery to treat UFs. No formal a priori sample size calculation was performed because 
this was a retrospective analysis of an existing clinical database, and the final sample size was determined by the number 
of eligible patients during the predefined study period. After application of the inclusion and exclusion criteria, 1435 
patients were included in the final analysis. Based on the number of UFs, the 1435 research subjects were divided into 
a single-fibroid group comprising 658 individuals and a multiple-fibroid group comprising 777 individuals.

Variables
Patient data, including age, body mass index (BMI), menstrual status, the number and size of lesions, and blood 
indicators, such as triglycerides (TGs), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low- 
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density lipoprotein cholesterol (LDL-C), VLDL-C, and SOD, were retrospectively collected. The patient’s medical 
history was used to obtain information concerning regular menstruation, heavy menstrual flow, and absence of 
dysmenorrhea. The standard for regular menstruation is a menstrual cycle of 21 to 35 days and a menstrual period 
lasting from 4 to 6 days. Individuals who met the standards were considered regular, whereas those who did not meet the 
standards were considered irregular. Menstrual blood loss of ≥80 mL was considered excessive. During hospitalization, 
fasting peripheral venous blood samples were collected after at least 8 h of fasting for liver function testing and other 
biochemical measurements. Laboratory tests were typically performed approximately 2 days before surgery. The lipid- 
related parameters and SOD included in the present analysis were extracted from these baseline laboratory records. All 
laboratory measurements were performed by trained laboratory personnel at our hospital. TGs, TC, HDL-C, LDL-C, 
VLDL-C, and SOD were determined using a Cobas 8000 C702 fully automatic biochemical immunoanalyzer.20

Covariates were selected based on clinical relevance, previously reported factors related to the study variables, and 
data availability. Model I was adjusted for age, menstrual regularity, menstrual flow, and dysmenorrhea. Model II was 
further adjusted for BMI and maximum fibroid diameter. The number of fibroids was used for subgroup analyses rather 
than as a covariate in the final regression models. All covariates were collected at baseline.

Statistical Analysis
Continuous variables were expressed in two ways: normally distributed continuous variables were expressed as mean ± 
standard deviation (SD), and non-normally distributed continuous variables were expressed as median (interquartile 
range, IQR). Categorical variables were expressed as frequencies or percentages. Continuous variables were compared 
between the single-fibroid and multiple-fibroid groups using the independent-samples t test or Mann–Whitney U-test, as 
appropriate. Categorical variables were compared using the χ2-test or Fisher’s exact test, as appropriate.

Pearson correlation coefficients (r) and corresponding P-values were calculated to assess the unadjusted linear correlation 
between VLDL-C and SOD in the overall study population and in the single-fibroid and multiple-fibroid subgroups.

The entire data analysis process can be divided into two steps. In the first step, multivariable linear regression models 
were generated to examine the correlation between VLDL-C and SOD after adjustment for relevant covariates. Model 
I was adjusted for age, menstrual regularity, menstrual flow, and dysmenorrhea. Model II was further adjusted for BMI 
and maximum fibroid diameter. Model II used complete-case data because maximum fibroid diameter was missing in 
some patients. Multicollinearity was assessed using variance inflation factors (VIFs).

In the second step, generalized additive models with penalized spline smoothing were used to explore potential 
nonlinear correlations between VLDL-C and SOD. If nonlinearity was detected, a recursive algorithm was used to compute 
the inflection point, followed by the construction of a two-part linear regression model on both sides of the inflection point. 
The fit of the one-linear and two-piecewise linear regression models was compared using the likelihood-ratio test.

The R statistical software package was used to perform all statistical analyses (http://www.R-project.org 
R Foundation). A two-sided P < 0.05 was considered statistically significant.

Results
Baseline Characteristics of the Study Population
A total of 1435 participants were included in the final analysis (Figure 1). Table 1 displays the baseline characteristics of 
the selected study subjects. Participants were categorized into single-fibroid and multiple-fibroid groups according to the 
number of fibroids. The average age of all participants was 45.89 ± 7.78 years. Among them, multiple UFs accounted for 
approximately 54.15%, and the remainder had single UFs. No statistically significant differences were observed in HDL- 
C, LDL-C, TGs, TC, and SOD between the single-fibroid and multiple-fibroid groups (all P > 0.05). However, 
statistically significant differences were observed in age, BMI, maximum fibroid diameter, VLDL-C, menstrual pattern, 
menstrual volume, and dysmenorrhea (all P < 0.05).
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Univariate Analysis of Superoxide Dismutase
In the overall study population, HDL-C was positively correlated with SOD (β = 7.28, 95% CI = 2.45, 12.08), whereas 
VLDL-C was negatively correlated with SOD (β = −13.09, 95% CI = −18.64, −7.55), as shown in Table 2. Interestingly, 
separate analyses of the study population by the single-fibroid and multiple-fibroid groups indicated that in the single- 
fibroid group, a negative correlation was observed between TGs and SOD (β = −3.23, 95% CI = −6.19, −0.27). However, 

Figure 1 Inclusion and exclusion criteria process. Eligible patients with uterine fibroids (UFs) were screened according to the inclusion and exclusion criteria. A total of 1435 
patients were included in the final analysis and categorized into the single-fibroid group (n = 658) and multiple-fibroid group (n = 777) according to the number of fibroids.

Table 1 Baseline Characteristics of the Study Population

Total Single Multiple P-value

Quantity, n 1435 658 777

Age (years, mean ± SD) 45.89 ± 7.78 44.64 ± 8.41 46.95 ± 7.02 <0.001

BMI (kg/m2, mean ± SD) 24.69 ± 3.34 24.33 ± 3.36 25.00 ± 3.30 <0.001
Maximum diameter of fibroids (cm) 5.61 ± 4.00 5.23 ± 2.74 6.04 ± 5.02 0.002

HDL-C (mmol/L, mean ± SD) 1.44 ± 0.32 1.46 ± 0.32 1.44 ± 0.31 0.237

LDL-C (mmol/L, mean ± SD) 2.81 ± 0.75 2.80 ± 0.77 2.81 ± 0.74 0.667
VLDL-C (mmol/L, mean ± SD) 0.42 ± 0.27 0.40 ± 0.27 0.43 ± 0.27 0.016

TGs (mmol/L, mean ± SD) 1.21 ± 0.74 1.18 ± 0.74 1.23 ± 0.74 0.223

TC (mmol/L, mean ± SD) 4.67 ± 0.94 4.65 ± 0.96 4.68 ± 0.92 0.527
SOD (U/mL, mean ± SD) 182.25 ± 29.37 182.95 ± 28.56 181.66 ± 30.04 0.408

Menstrual pattern n (%) 0.018

Regular 1406 (97.98%) 651 (98.94%) 755 (97.17%)
Irregular 29 (2.02%) 7 (1.06%) 22 (2.83%)

(Continued)
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this phenomenon was not observed in the multiple-fibroid group or in the overall population. The remaining results were 
generally consistent with those observed in the overall study population.

Results of Unadjusted and Adjusted Linear Regression
Pearson correlation analysis showed weak negative correlations between VLDL-C and SOD in the overall study 
population (r = −0.122, P < 0.001), the single-fibroid group (r = −0.086, P = 0.028), and the multiple-fibroid group 
(r = −0.150, P < 0.001), as shown in Supplementary Table S1. Multivariable linear regression analysis was then 
performed to examine the correlation between VLDL-C and SOD after adjustment for relevant covariates. As demon
strated in Table 3, three models were established: unadjusted model, model I (adjusted variables: age, menstrual period 
regularity, menstrual volume, and dysmenorrhea), and model II (adjusted variables: age, BMI, maximum fibroid 
diameter, menstrual regularity, menstrual flow, and dysmenorrhea). In addition, the effect sizes (β) and 95% confidence 

Table 2 Univariate Analysis of SOD (U/mL)

Variable Single, β (95% CI) P-value Multiple, β (95% CI) P-value Total, β (95% CI) P-value

Age, years 0.17 (−0.09, 0.43) 0.1888 −0.04 (−0.34, 0.27) 0.8141 0.08 (−0.12, 0.28) 0.4325

BMI, kg/m2 0.36 (−0.29, 1.01) 0.2806 −0.24 (−0.88, 0.40) 0.4549 0.04 (−0.42, 0.49) 0.8744

Maximum diameter of fibroids, cm −0.40 (−1.30, 0.50) 0.3835 −0.39 (−0.92, 0.14) 0.1500 −0.39 (−0.85, 0.06) 0.0905
Menstrual pattern n (%)

Regular Reference Reference Reference

Irregular −9.48 (−30.75, 11.80) 0.3830 −3.34 (−16.09, 9.40) 0.6071 −4.84 (−15.67, 5.98) 0.3804
Menstrual flow volume n (%)

Light Reference Reference Reference

Moderate 2.40 (−16.37, 21.16) 0.8024 13.07 (−1.38, 27.53) 0.0766 9.44 (−1.96, 20.84) 0.1049
Heavy −6.11 (−26.12, 13.90) 0.5498 10.47 (−4.87, 25.81) 0.1813 4.73 (−7.39, 16.85) 0.4449

Dysmenorrhea n (%)

No Reference Reference Reference
Yes −3.49 (−9.76, 2.77) 0.2746 −1.78 (−7.12, 3.56) 0.5139 −2.46 (−6.51, 1.60) 0.2348

HDL-C, mmol/L 7.20 (0.37, 14.03) 0.0391 7.33 (0.59, 14.08) 0.0335 7.28 (2.45, 12.08) 0.0031

LDL-C, mmol/L 2.56 (−0.27, 5.41) 0.0766 −0.19 (−3.07, 2.69) 0.8974 1.15 (−0.88, 3.17) 0.2722
VLDL-C, mmol/L −9.01 (−17.01, −0.99) 0.0281 −16.56 (−24.24, −8.88) <0.0001 −13.09 (−18.64, −7.55) <0.0001

TGs, mmol/L −3.23 (−6.19, −0.27) 0.0335 0.32 (−2.56, 3.20) 0.8272 −1.31 (−3.36, 0.77) 0.2174
TC, mmol/L 1.71 (−0.56, 3.97) 0.1408 −0.72 (−3.01, 1.57) 0.5378 0.45 (−1.17, 2.05) 0.5896

Notes: P-values were calculated using univariate linear regression analysis. P <  0.05 was considered statistically significant. 
Abbreviations: β, regression coefficient; CI, confidence interval; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; SOD, superoxide dismutase.

Table 1 (Continued). 

Total Single Multiple P-value

Menstrual flow volume n (%) 0.004

Light 26 (1.81%) 9 (1.37%) 17 (2.19%)
Moderate 1242 (86.55%) 591 (89.82%) 651 (83.78%)

Heavy 167 (11.64%) 58 (8.81%) 109 (14.03%)

Dysmenorrhea n (%) 0.008
No 1191 (83.00%) 565 (85.87%) 626 (80.57%)

Yes 244 (17.00%) 93 (14.13%) 151 (19.43%)

Notes: P-values were calculated using the independent-samples t test, Mann–Whitney U-test, χ2-test, or Fisher’s exact 
test, as appropriate. P <  0.05 was considered statistically significant. 
Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; VLDL-C, very-low-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; SOD, superoxide 
dismutase; SD, standard deviation.
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intervals (CI) were presented. In the entire study population, under the unadjusted model, a negative correlation was 
observed between VLDL-C (β = −13.09, 95% CI = −18.64, −7.55) and SOD. Similarly, in adjusted model I, a negative 
correlation between VLDL-C (β = −13.81, 95% CI = −19.41, −8.21) and SOD was also identified. Additionally, in 
adjusted model II, a negative correlation between VLDL-C (β = −15.76, 95% CI = −22.96, −8.53) and SOD was 
observed. Subsequently, subgroup analysis was conducted on the study population based on the number of UFs. The 
findings of the single-fibroid and multiple-fibroid groups were generally consistent with those of the overall study 
population. The inverse association between VLDL-C and SOD remained statistically significant after adjustment in both 
Model I and Model II. No evidence of problematic multicollinearity was observed in Model II, with VIFs ≤1.09.

Relationship Between Very-Low-Density Lipoprotein Cholesterol and Superoxide 
Dismutase
In this study, the relationship between VLDL-C and SOD was investigated not only in the entire study population but 
also in the single-fibroid and multiple-fibroid groups. After adjustment for age, menstrual regularity, menstrual flow, and 
dysmenorrhea, smooth curve fitting suggested an inverse pattern between VLDL-C and SOD in the overall study 
population. Similar visual patterns were observed in the single-fibroid and multiple-fibroid groups, as shown in 
Figures 2–4.

As shown in Table 4, exploratory segmented regression analyses were performed after adjustment for age, menstrual 
regularity, menstrual flow, and dysmenorrhea. In the overall study population, the candidate breakpoint was 0.50 mmol/L. 

Table 3 Relationship Between VLDL-C (mmol/L) and SOD (U/mL) in Different Models

Model Single, β (95% CI) P-value Multiple, β (95% CI) P-value Total, β (95% CI) P-value

Unadjusted model −9.01 (−17.01, −0.99) 0.0281 −16.56 (−24.24, −8.88) <0.0001 −13.09 (−18.64, −7.55) <0.0001
Adjusted model I −10.51 (−18.59, −2.40) 0.0112 −16.72 (−24.53, −8.91) <0.0001 −13.81 (−19.41, −8.21) <0.0001

Adjusted model II −13.39 (−23.28, −3.49) 0.0082 −18.59 (−29.12, −8.05) 0.0006 −15.76 (−22.96, −8.53) <0.0001

Notes: Unadjusted model included no covariates. Model I was adjusted for age, menstrual regularity, menstrual flow, and dysmenorrhea. Model 
II was further adjusted for BMI and maximum fibroid diameter. Model II was based on complete-case data because maximum fibroid diameter 
was missing in a subset of patients (Single, n = 502; Multiple, n = 448; Total, n = 950). P-values were calculated using unadjusted or adjusted linear 
regression models, as appropriate. P < 0.05 was considered statistically significant. 
Abbreviations: β, regression coefficient; CI, confidence interval; VLDL-C, very-low-density lipoprotein cholesterol; SOD, superoxide dis
mutase; BMI, body mass index.

Figure 2 Relationship between VLDL-C and SOD in the overall study population. (a) Smooth curve illustrating the association between VLDL-C and SOD. (b) Scatter plot 
of VLDL-C and SOD values. The solid red line represents the fitted smooth curve, and the blue dotted lines represent the 95% confidence interval around the fitted curve.
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VLDL-C was inversely associated with SOD below this value (β = −24.13, 95% CI = −35.84, −12.40), whereas the 
association was attenuated and no longer statistically significant above the candidate breakpoint. A similar pattern was 
observed in the multiple-fibroid group, with a candidate breakpoint of 0.61 mmol/L, and the two-piecewise linear model 
showed a better fit than the one-linear model (P = 0.020). In the single-fibroid group, an inverse association was observed 
below the candidate breakpoint of 0.09 mmol/L, but the difference between the two slopes was not statistically 
significant. Therefore, the segmented patterns and estimated candidate breakpoints should be interpreted as exploratory.

Figure 3 Relationship between VLDL-C and SOD in the single-fibroid group. (a) Smooth curve illustrating the association between VLDL-C and SOD. (b) Scatter plot of 
VLDL-C and SOD values. The solid red line represents the fitted smooth curve, and the blue dotted lines represent the 95% confidence interval around the fitted curve.

Figure 4 Relationship between VLDL-C and SOD in the multiple-fibroid group. (a) Smooth curve illustrating the association between VLDL-C and SOD. (b) Scatter plot of 
VLDL-C and SOD values. The solid red line represents the fitted smooth curve, and the blue dotted lines represent the 95% confidence interval around the fitted curve.
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Discussion
UFs are one of the most common gynecological tumors in women. Although UFs are highly prevalent, their pathophy
siology and risk factors remain incompletely understood.21 SOD is an important antioxidant enzyme, and previous 
studies have shown that UFs are characterized by impairment of the intracellular antioxidant system, including reduced 
SOD activity compared with normal myometrium.13 Elevated circulating lipid levels have also been associated with UFs, 
and altered lipid profiles have been reported in recurrent UF tissues.21–23 Although the correlation between oxidative 
stress and lipid metabolism has been widely investigated in various diseases, it has not been fully characterized in 
patients with UFs.23–26

In this study, univariate analysis, multivariable linear regression, and threshold-effect analysis were used to compre
hensively examine the correlation between SOD and lipid metabolism-related indicators. The findings indicated that both 
HDL-C and VLDL-C were correlated with SOD in the overall study population. Specifically, a positive correlation was 
observed between HDL-C and SOD, whereas a negative correlation was observed between VLDL-C and SOD. The study 
population was further analyzed according to the number of fibroids. In the single-fibroid group, a negative correlation 
was observed between TG and SOD, whereas this correlation was not observed in the multiple-fibroid group or the 
overall population. The remaining findings were generally consistent with those in the overall study population. These 
results suggest that abnormalities in lipid metabolism may coexist with altered antioxidant status in patients with UFs.

Subsequent analyses focused on the correlation between VLDL-C and SOD. VLDL-C, a component of non-HDL 
cholesterol, is considered an atherogenic lipid indicator associated with the risk of ASCVD.27 The formation of UFs has 
been proposed to share certain injury-response mechanisms with the formation of atherosclerotic plaques.7,8,22 Our study 
demonstrated a significant inverse correlation between VLDL-C and SOD in the overall study population and in both the 
single-fibroid and multiple-fibroid groups. Exploratory segmented regression analyses, adjusted for age, menstrual 
regularity, menstrual flow, and dysmenorrhea, suggested that the inverse correlation may be more apparent at lower 
VLDL-C levels. In the overall study population, the candidate breakpoint was 0.50 mmol/L. VLDL-C was inversely 
correlated with SOD below this value, whereas the correlation was attenuated and was no longer statistically significant 
above the candidate breakpoint. A similar pattern was observed in the multiple-fibroid group, with a candidate breakpoint 
of 0.61 mmol/L. In this subgroup, the difference between the slopes below and above the candidate breakpoint was 
statistically significant, and the two-piecewise linear model showed a better fit than the one-linear model according to the 
likelihood-ratio test. In the single-fibroid group, the candidate breakpoint was 0.09 mmol/L. Although an inverse 
correlation was observed below this value and was attenuated above it, neither the difference between the two slopes 
nor the likelihood-ratio test reached statistical significance.

Therefore, the evidence for a segmented correlation in the single-fibroid group was limited. Several explanations may 
account for the attenuation of the inverse correlation at higher VLDL-C levels. First, the relationship may follow 

Table 4 Threshold Effect Analysis of the Relationship Between VLDL-C (mmol/L) and SOD (U/mL) Levels

Adjusted Indicators Single, β (95% CI) P-value Multiple, β (95% CI) P-value Total, β (95% CI) P-value

One-linear regression model

One linear effect −10.51 (−18.59, −2.40) 0.0112 −16.72 (−24.53, −8.91) <0.0001 −13.81 (−19.41, −8.21) <0.0001

Two-piecewise linear regression model

Break point (k), mmol/L 0.094 0.608 0.495

<k segment effect 1 −225.92 (−444.35, −7.47) 0.0431 −29.49 (−42.85, −16.16) <0.0001 −24.13 (−35.84, −12.40) <0.0001

>k segment effect 2 −8.32 (−16.69, 0.05) 0.0519 −1.63 (−16.61, 13.33) 0.8303 −6.80 (−15.79, 2.19) 0.1382

Effect difference between 2 and 1 217.60 (−2.93, 438.11) 0.0535 27.87 (4.21, 51.49) 0.0212 17.33 (0.00, 34.64) 0.0500

Predicted value of equation at break point 184.64 (181.18, 188.10) 175.50 (171.61, 179.39) 179.45 (176.91, 182.00)

Likelihood-ratio test 0.052 0.020 0.049

Notes: Both the one-linear regression model and the two-piecewise linear regression model were adjusted for age, menstrual regularity, menstrual flow, and 
dysmenorrhea. P-values for the one-linear effect were calculated using the one-linear regression model, whereas P-values for the segment effects and the 
difference between slopes were calculated using the two-piecewise linear regression model. The likelihood-ratio test was used to compare the fit of the two 
models. Candidate breakpoints were data-derived and should be interpreted as exploratory. The P-value for interaction between VLDL-C and fibroid number 
was 0.318. P < 0.05 was considered statistically significant. 
Abbreviations: β, regression coefficient; CI, confidence interval; VLDL-C, very-low-density lipoprotein cholesterol; SOD, superoxide dismutase.
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a saturable pattern, such that further increases in VLDL-C are accompanied by progressively smaller changes in SOD 
after antioxidant defenses have already been substantially altered. Second, other metabolic or inflammatory processes 
may become more influential at higher VLDL-C levels and attenuate the observed correlation. Third, the relatively 
limited number of observations at the upper end of the VLDL-C distribution may have reduced the precision of the 
estimates. These explanations remain speculative and cannot be distinguished using the present cross-sectional data. 
Because the candidate breakpoints were data-derived, they should not be interpreted as definitive biological or clinical 
thresholds and require validation in independent populations.

These exploratory observations should be regarded as hypothesis-generating and do not support the clinical 
application of the identified breakpoints. The potential clinical relevance of the observed VLDL-C–SOD associa
tion should therefore be interpreted cautiously within the broader context of gynecological assessment. Obesity, 
diabetes mellitus, and hypertension have been reported as risk factors for endometrial cancer,28 highlighting the 
importance of metabolic health in women with uterine conditions. However, VLDL-C and SOD are not specific 
markers of UFs and cannot replace established diagnostic approaches. The evaluation of uterine masses continues 
to rely on clinical assessment, imaging, and, when indicated, histopathological examination. Expert ultrasonogra
phy and magnetic resonance imaging may provide additional information when atypical features raise concern for 
uterine sarcoma.29

To the best of our knowledge, this is the first study to examine the independent correlation between serum VLDL-C 
and SOD levels in patients with UFs. The inverse association observed in this study suggests that altered lipid 
metabolism and antioxidant status may coexist in this population. Prospective studies are needed to clarify the temporal 
relationship and underlying biological mechanisms and to determine whether the combined assessment of VLDL-C and 
SOD may help characterize lipid-related oxidative stress in patients with UFs.

However, this study has several limitations. First, the study subjects were patients with confirmed UFs in south
western Shandong, China. Thus, additional multicenter studies are essential to validate these findings. Second, patients 
with a history of pharmacological or surgical treatment for UFs were excluded. Therefore, the findings may not be 
generalizable to previously treated populations. Finally, due to the exclusion criteria, the findings of this study may not be 
generalizable to patients who had used lipid-lowering drugs within the previous 3 months, individuals aged < 18 years, or 
other excluded populations.

Conclusions
In this retrospective cross-sectional study, serum VLDL-C levels were inversely correlated with SOD levels in patients with 
UFs. This inverse correlation remained evident after adjustment for relevant covariates and in analyses stratified by fibroid 
number. These findings do not establish a causal relationship but support further prospective studies to clarify the temporal 
relationship and potential biological mechanisms linking lipid metabolism and oxidative stress in patients with UFs.
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