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Association between remnant cholesterol (RC) @
and endometriosis: a cross-sectional study
based on NHANES data
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Abstract

Background Prior research indicates a potential link between dyslipidemia and endometriosis (EMs). However, the
relationship between remnant cholesterol (RC) and EMs has not been thoroughly investigated. Consequently, looking
into and clarifying the connection between RC and EMs was the primary goal of this study.

Methods Following the screening of participants from the NHANES dataset spanning 2001 to 2006, a total of

1,840 individuals were incorporated into this research. A weighted multivariable logistic regression analysis was first
performed to investigate the relation between RC and the likelihood of encountering EMs. To assess the degree

of consistency in the link between RC and EMs across different populations, additional subgroup analyses were
performed. In addition, the researchers used the extreme gradient boosting (XGBoost) technique and the area under
the receiver operating characteristic curve (ROC) to evaluate how well RC recognized EMs. Lastly, both linear and
nonlinear relationships were validated using generalized additive models (GAM), while dose-response connections
were investigated through restricted cubic spline models.

Results After accounting for all potential confounders, a strong correlation between RC and EMs was identified.

In particular, an increase of one unit in RC was linked to a 135% rise in the likelihood of developing EMs. Analyses

of subgroups revealed that these relationships remained stable across the majority of subgroups (interaction

P-value >0.05). Multivariable logistic regression demonstrated RC's independent predictive value, maintaining
statistical significance after adjusting for confounders. The AUC of 0.614 suggests RC's moderate ability to discriminate
EMs, outperforming traditional markers like LDL-C in sensitivity and specificity. Furthermore, XGBoost analysis
identified RC as the most critical predictor among lipid-related and demographic variables. The relationship was
further validated through GAM, which visually confirmed a linear trend, and RCS, which provided statistical evidence
of linearity.

Conclusion This study reveals a clear connection between RC and the likelihood of having EMs within the US
population, suggesting RC as a potential marker for further investigation in understanding endometriosis risk.
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Introduction

Endometriosis (EMs) is characterized by the aberrant
growth of functioning endometrial tissue beyond the
boundaries of the uterus, and it is dependent on estrogen
[1, 2]. Manifestations of this condition include dysuria,
irregular uterine bleeding, dyspareunia, dysmenorrhea,
infertility, and chronic pelvic pain [3]. In more severe
instances, it can result in widespread pelvic adhesions
and considerable anatomical changes [4]. As one of the
most prevalent benign gynecological disorders, EMs
affect around 5-10% of women during their reproductive
years worldwide [5, 6], substantially impairing both qual-
ity of life and reproductive potential [7]. Its prevalence
is particularly high, with 30% of patients facing infertil-
ity and 45% of those suffering from chronic pelvic pain
affected [8]. EMs undoubtedly represents a major global
public health challenge. Despite its significant impact,
there remains a lack of a single serum biomarker or non-
invasive diagnostic tool with sufficient diagnostic accu-
racy [8]. Consequently, research into EMs risk factors
and the development of reliable diagnostic biomarkers is
of the utmost importance.

Previous research has indicated that dyslipidemia
commonly occurs in individuals with EMs [9, 10]. For
instance, Zhang H identified a link between elevated
serum triglyceride and a heightened risk of EMs [11],
whereas Nahar noted significantly lower levels of high-
density lipoprotein cholesterol (HDL-C) and greater lev-
els of low-density lipoprotein cholesterol (LDL-C) among
patients with EMs [12]. Conversely, several researches
have not been able to clearly establish a noteworthy link
between LDL-C and EMs [11, 13]. These contradictory
results emphasize the shortcomings of existing lipid bio-
markers in the clinical assessment of EMs, highlighting
the necessity for innovative lipid metrics to improve the
forecasting and management of this disorder.

Remnant cholesterol (RC) has been identified as a
new lipid marker, indicating the presence of cholesterol
in triglyceride-rich lipoproteins, including chylomicron
cholesterol, intermediate-density lipoprotein choles-
terol, and very low-density lipoprotein cholesterol dur-
ing non-fasting conditions [14]. Studies have established
that RC is as reliable, or even more so, than LDL-C or
TC in predicting cardiovascular disease [15]. Despite the
substantial research into RC’s role in cardiovascular dis-
ease, its involvement in EMs remains largely unexplored.
Notably, elevated RC levels have been associated with
low-grade inflammation [16, 17], a condition implicated
in the pathogenesis of EMs [18]. These findings imply
that RC, as a significant marker of lipid metabolism,

might be involved in the onset and advancement of EMs,
potentially through its effects on chronic inflammatory
processes.

As of now, there has been a lack of explicit research
examining the connection between RC and EMs, espe-
cially among the American demographic. Clarifying the
link and the predictive significance of RC in EMs could
greatly improve the early detection of individuals who are
at an elevated risk for this condition. Consequently, this
study aims to evaluate the relation between RC levels and
the likelihood of participants from the National Health
and Nutrition Examination Survey (NHANES) experi-
encing EMs, which would offer essential insights for the
prompt detection and prevention of EMs.

Materials and methods

Data source and ethics

The data and materials utilized in this research were
sourced from NHANES, which is a cross-sectional pro-
gram that represents the nation and gathers comprehen-
sive information on demographics, dietary habits, health
status, and laboratory results from the population of the
United States [19]. Trained professionals collected these
data through standardized questionnaires, interviews,
and tests.

Every single person who took part in the NHANES
study gave their agreement after being fully informed
[19]. Approval for the data collection methods was
granted by the Ethics Review Board of the National Cen-
ter for Health Statistics (NCHS), which operates under
the Centers for Disease Control and Prevention (CDC).
The Human Research Protection Program at Michigan
State University determined that this analysis does not
involve human subjects, as it uses publicly available de-
identified data [19].

Study population

This research concentrated on EMs during the period
from 2001 to 2006, which involved a total of 16,128 indi-
viduals. To ensure data integrity, individuals with miss-
ing EMs variables or unknown EMs status were initially
excluded (#=11,896). Subsequently, those lacking basic
covariate data (TC, LDL-C, HDL-C) were systematically
removed(n=2,392). The final cohort included 1,840 par-
ticipants for detailed analysis, as depicted in Fig. 1 and 2.

Exposure and outcome variables

RC is determined by deducting the aggregate levels of
LDL-C and HDL-C from TC [20]. TC and triglycer-
ide (TQ) levels are measured using enzymatic methods,
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Participants from NHANES 2001-2006 cycles
(N=16128)
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Exclusion:

A4

NHANES 2001-2006
4232 subjects included

Y

Missing data on endometriosis
diagnosis information (N=11896).

Exclusion:

Y

Final participants for analysis
(N=1840)

\ 4 Y

148 with
endometriosis

1692 without
endometriosis

Y

Missing data on TC, LDL-L and
HDL-C information (N=2392).

Fig. 1 Flow chart of the screening process for the selection of endometriosis participants. NHANES, National Health and Nutrition Examination Survey;
TC, Total Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol

while HDL-C levels are determined using either the hep-
arin-manganese precipitation method or a direct immu-
noassay [21]. Subsequently, LDL-C levels are computed
with the Friedewald equation, which uses the values
of TC, TG, and HDL-C: [LDL-C] = [TC] - [HDL-C] -
[TG/5] [22].

The outcome variable in this study was EMs. Data were
obtained from NHANES through a questionnaire that
asked participants if they had ever been informed by a
healthcare professional, such as a doctor, that they had
been diagnosed with EMs. A “yes” response indicated
that the participant had EMs [23, 24].

Assessment of covariates

Covariates were chosen based on clinical insights and
previous research [24-26], encompassing demographic
factors, lifestyle behaviors, diet and health indicators.
Demographic covariates included age, racial categories
(classified into specific categories, including non-His-
panic White, Mexican American, non-Hispanic Black,
and other racial identities) [27], educational attain-
ment (ranging from not completing high school to high
school completion and higher education) [28], poverty-
to-income ratio (PIR, dispersed: <1.30, 1.30-3.50, and
>3.50) [26], and marital status (including divorced/
separated/widowed, married/cohabitating, and never

married) [29]. Lifestyle factors included age at men-
arche, alcohol use, smoking status, and BMI (catego-
rized as <25, 25.0-29.9, 230) [30]. Diet included energy
intake, protein intake, dietary fiber intake and total sug-
ars intake. Health indicators included hypertension and
diabetes mellitus (DM), both recorded as binary variables
(yes, no). Blood samples were utilized to assess lipid pro-
files, which comprised LDL-C and HDL-C [31, 32].

Statistical analysis

The research employed Multiple Imputation by Chained
Equations (MICE) to address the issue of missing base-
line variables. This method enabled the creation of five
imputed datasets that incorporated crucial data points
such as smoking and alcohol status, education, PIR,
marital status, cardiovascular illnesses like hypertension
and health indicator like diabetes. Given the high consis-
tency of results across these datasets, the analyses were
combined using Rubin’s rules to provide an accurate and
comprehensive summary of the findings. To tackle the
complex survey design that is typical of NHANES data
gathering, a weighted methodology was used. Specifically,
sample weights were calculated according to NHANES
recommendations, using weight=WTSAF2YR/3 as the
formula. This approach was systematically applied to
datasets spanning three different cycles of NHANES,
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Subgroup Total OR(95%CI) P-Value Plot P for interaction

Age 0.127
2029 604  0.94(0.12-7.62) 0.950 4
30—40 59 4.06 (1.88-8.75) <0.001 ——

41-54 639 1.46 (0.71-3.02) 0.300 —_——i

Age of menarche 0.455
7-12 938 2.74 (1.27-5.91) 0.010 ——t
13=19 902 1.80 (0.89-3.65) 0.100 H——

Race 0.277
Mexican American 407  0.29 (0.04-2.66) 0.259 L @

Non—Hispanic White 886  1.87(1.00-3.48) 0.049 ——i
Non—Hispanic Black 389  1.70 (0.46-6.29) 0.430 e
Other races 158  2.77 (0.51-14.94) 0.235 *r——

Education 0.959
Below high school 423 1.89 (0.63—5.68) 0.257 ——

High school 386 1.55 (0.59-4.08) 0.375 ——
Above high school 1031  1.60 (0.81-3.18) 0.178 ——

Marital 0.151
Married/living with a partner 1242 2.07 (1.16-3.70) 0.014 —0—
Divorced/Seperated/widowed 253 1.10 (0.30—4.00) 0.890 ——

Never married 345 0.40(0.07-2.48) 0.325 &

PIR 0.259
Low—income family 517 2.89(1.17-7.12) 0.021 ——
Middle—income family 693 1.59 (0.70-3.57) 0.267 ——

High—income family 630  1.04 (0.43-2.51) 0.927 ——

BMI 0.069
Normal weight 620  4.51(1.67-12.19) 0.003 ——
Overweight 535 1.04 (0.39-2.75) 0.937 ——t
Obese 685 1.28 (0.61-2.72) 0.515 —r—

Alcohol user 0.430
No 710  2.28 (0.89-5.79) 0.085 H——

Yes 1130  1.44 (0.75-2.75) 0.273 —_—i

Diabetes mellitus 0.395
No 1753 1.55(0.89-2.68) 0.120 ——

Yes 87 3.32 (0.62—-17.70) 0.159 =

Hypertension 0.680
No 1500 1.41 (0.75-2.66) 0.283 —r——i
Yes 340 1.80 (0.69—4.73) 0.233 ———i

Smoke 0.366
Never 1138 1.74 (0.83-3.67) 0.144 ———t
Former 307 0.81(0.21-3.11) 0.759 ——

Now 395 2.67 (0.98-7.29) 0.055 —_—
| | | | | | | |

0.062 0.250 1.00 4.00 16.00
OR(95%CI)

Fig. 2 Stratified analyses of the association between RC with endometriosis according to baseline characteristics. The P value for interaction represents
the likelihood of interaction between the variable and endometriosis. RC, Remnant Cholesterol; PIR, Poverty Income Ratio; BMI, Body Mass Index; OR,
odds ratio; Cl, confidence interval
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thereby augmenting the robustness and reliability of the
results. In the weighted baseline table, participants were
described based on their demographics and health char-
acteristics. Categorical variables were displayed both
as counts (n) and percentages (%). Meanwhile, continu-
ous variables were conveyed as the mean along with the
standard errors (SE), providing a numerical representa-
tion of data variation. Comparisons of continuous vari-
ables were conducted using the Mann-Whitney U test or
the t test, contrasting groups with endometriosis against
those without. In contrast, to examine any significant dif-
ferences between groups, the Fisher’s exact tests and chi-
squared tests were used to estimate categorical variables.

Using a multivariable logistic regression, this research
looked at the relation between the RC and EMs. Odds
ratios (OR) are presented for the estimates along with
95% confidence intervals (CI). Initially, RC was thought of
as a continuous variable. Afterwards, to conduct a more
comprehensive analysis, the data was subsequently sepa-
rated into four equal halves called quartiles: Q1, which
spanned from 0.150 to 0.380; Q2, which ranged from
0.380 to 0.545; Q3, from 0.545 to 0.813; and Q4, covering
0.813 to 2.073, with Q1 serving as the benchmark group.
Model 1 does not incorporate any modifications or cor-
rections. Model 2 took into consideration demographic
considerations. Model 3 underwent further modifications
to incorporate variables such as marital status, education
level, BMI, PIR, smoke, alcohol, chronic issues like diabe-
tes, and cardiovascular disorders like hypertension, lipid
profiles like, age of menarche, dietary intake (engergy,
protein, fiber and total sugars). In order to investigate
the linear connections that exist between the quartiles
of RC and EMs, trend tests were carried out. To evalu-
ate the potential nonlinear association between RC and
EMs, generalized additive models (GAM) and restricted
cubic splines (RCS) were applied. GAM provided a flex-
ible approach to explore the shape of the relationship by
applying smoothing functions, enabling the visualization
of potential deviations from linearity. RCS were used to
further quantify and statistically test the relationship by
fitting cubic polynomial functions to RC with smooth
transitions at predefined knots (set at the 10th, 50th, and
90th percentiles). Two statistical tests were conducted:
P for overall, to evaluate the overall association between
RC and EMs, and P for non-linearity, to test for devia-
tions from linearity. Visual inspection of the RCS-derived
dose-response curve complemented the statistical tests
and provided additional insights into the nature of the
association. Subgroup analyses and interaction P val-
ues were computed to look at any interactions between
stratified factors. Furthermore, the study utilized receiver
operating characteristic (ROC) analysis to evaluate the
diagnostic performance of RC along with three other
lipid indicators in predicting endometriosis likelihood.
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The area under the curve (AUC) of the ROC was uti-
lized to quantify this diagnostic value. Following this, the
researchers applied the machine learning technique of
the XGBoost algorithm to assess the relative importance
of the chosen variables in relation to endometriosis. The
data was analyzed statistically using the EmpowerRCH
program and R version 4.4.1. Statistical significance was
determined using p-values that were less than 0.05.

Results

Baseline characteristics of participants with and without
endometriosis

The baseline characteristics of both the unweighted and
weighted samples are presented in Table 1 and Supple-
mentary Table 1. Among the 1,840 participants included
in this study, 148 were diagnosed with endometriosis,
resulting in a prevalence rate of 8.04%. The NHANES
employs a complex multi-stage probability sampling
method that incorporates weights to mitigate bias inher-
ent in sample surveys. After adjusting for NHANES
weights, the analysis encompassed a weighted total of
66,761,346 individuals. In the weighted sample, the mean
age of individuals without endometriosis was 37.00+0.34
years, compared to 40.6310.48 years for those with
endometriosis. The study cohort was predominantly
composed of non-Hispanic whites, who represented
68.70% of the total weighted sample population. Notably,
women with endometriosis exhibited distinct character-
istics compared to those without the conditionin particu-
lar, they were more prone to smoking and tended to have
lower educational attainment. Furthermore, the mean
levels of triglycerides, total cholesterol and RC were sig-
nificantly elevated (P<0.05).

Higher RC is associated with endometriosis by weighted
multivariate models and dose-response analysis

RC and the probability of experiencing EMs are posi-
tively correlated, as shown in Table 2, with this sta-
tistically significant relationship maintained across
unadjusted, initially adjusted, and fully adjusted weighted
logistic regression models. After controlling for all rel-
evant covariates, there was a 135% rise in the preva-
lence of EMs for each unit increment in RC (95% CI of
1.17-4.74), indicating a robust positive link between RC
and EMs. Further analysis categorized RC into quartiles,
revealing that individuals in the upper quartile faced a
considerably heightened risk in the fully adjusted model,
with EMs occurring at rates 2.35 times greater than those
in the lowest quartile (95% CI of 1.18 to 4.65). Compa-
rable outcomes were noted in Model 1 and Model 2 as
well. In addition, statistical significance was confirmed
by a trend analysis that included all three models, which
yielded a P value of under 0.05. The RCS model and GAM
model were applied to explore the potential non-linear
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Table 1 Baseline characteristics of selected participants from the NHANES 2001-2006 characteristics of the women participants,

Weighted
Characteristics Without endometriosis With endometriosis P-value
(N=1692) (N=148)
Age (year), mean +SE 37.00+0.34 40.63+0.48 <0.001
Race (n, %) <0.001
Non-Hispanic White 1138 (67.22) 121 (81.63)
Non-Hispanic Black 220 (13.02) 17 (11.26)
Mexican American 151 (8.95) 2(1.58)
Other races 183 (10.81) 8 (5.53)
Education (n, %) 0.007
Below high school 271 (16.04) 15 (9.80)
High school 357 (21.07) 45 (30.67)
Above high school 1064 (62.89) 88 (59.53)
Marital (n, %) 0.098
Married/living with a partner 1128 (66.65) 108 (73.13)
Divorced/Seperated/widowed 240 (14.20) 25(16.77)
Never married 324 (19.15) 15(10.1)
PIR (n, %) 0.698
Low-income family 351(20.72) 31(21.20)
Middle-income family 636 (37.61) 49 (33.06)
High-income family 705 (41.67) 68 (45.74)
BMI (n, %) 0.772
Normal weight 681 (40.23) 57 (38.53)
Overweight 443 (26.19) 42 (28.09)
Obese 568 (33.57) 49 (33.38)
Smoke (n, %) <0.001
Never 1021 (60.34) 60 (40.40)
Former 271 (16.03) 34 (22.95)
Now 400 (23.63) 354 (6.65)
Hypertension (n, %) 0.114
No 1376 (81.35) 113 (76.35)
Yes 316 (18.65) 35(23.65)
Diabetes mellitus (n, %) 0473
No 1616 (95.53) 143 (96.76)
Yes 76 (4.47) 5(3.24)
Alcohol user (n, %) 0.236
No 551(32.55) 39 (26.07)
Yes 1141 (67.45) 109 (73.93)
Age of menarche, mean+SE 12.64+0.05 12524021 0.570
Blood lipid indices, mean + SE
HDL-C 58.34+053 5795+1.84 0.842
LDL-C 11249+1.24 117.61+£2.93 0.105
Triglyceride 112.25+£60.48 132.53+74.38 0.008
Total cholesterol 193.29+£1.29 202.06+3.51 0.025
Dietary, mean +SE
Energy (Kcal) 194542 £19.94 1881.56+69.59 0.428
Protein (gm) 7261 +095 68.14 £ 3.01 0.165
Total sugar (gm) 11239+ 227 112.88 £ 6.96 0.948
Dietary fiber (gm) 14.11+£0.28 1246 £047 0.004
RC, mean+SE 0.58+0.01 0.68+0.04 0.009
RC group (n, %)
Q1 497 (29.40) 28 (18.84)
Q2 461 (27.23) 41 (27.41)
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Table 1 (continued)
Characteristics Without endometriosis With endometriosis P-value
(N=1692) (N=148)
Q3 431 (25.46) 38 (25.77)
Q4 303 (17.91) 41 (27.99)

Datain the table: Weighted analyses for continuous variables: survey-weighted mean = SE, P-value was by survey-weighted linear regression (svyglm); for categorical
variables: survey-weighted percentage (95% Cl), P-value was by survey-weighted chi-square test (svytable)

Abbreviation: RC, Remnant Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; PIR: Poverty Income Ratio; BMI:

Body Mass Index

P - value less than 0.05 is expressed in bold

Table 2 Weighted multivariable logistic regression to assess the association of RC with endometriosis

Model | Model Il Model lll
OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) Pvalue
RC 2.37(1.38-4.06) 0.002 2.32(1.29-4.18) 0.005 2.35(1.17-4.74) 0.017
Categories
Q1 1.0 [Ref] 1.0 [Ref] 1.0 [Ref]
Q2 1.57(0.89-2.77) 0.119 1.56 (O 88-2.77) 0.128 149 (0.79-2.67) 0.228
Q3 1.58 (0.82-3.04) 0.170 2(0.80-2.89) 0.201 1.46 (0.76-2.82) 0.257
Q4 244 (1.40-4.26) 0.002 240 (1.33-4.34) 0.004 2.35(1.18-4.65) 0.015
P for trend 1.30(1.10-1.54) 0.003 29 (1. 55) 0.006 1.28 (1.04-1.57) 0.018

Model 1: no covariates were adjusted

Model 2: Adjusted for age, race

Model 3: Adjusted for age, race, education, marital status, PIR, BMI, smoke, alcohol, hypertension, diabetes, age of menarche, dietary energy, dietary protein, dietary

fiber and total sugars

RC, Remnant Cholesterol; PIR: Poverty Income Ratio; BMI: Body Mass Index.Cl, confidence interval; OR, odds ratios; Ref, reference
RCis in the quartile: Q1(0.150-0.380), Q2(0.380-0.545), Q3(0.545-0.813), Q4(0.813-2.073)

relationship between RC and EMs. The analysis revealed
no significant evidence of non-linearity (P-non-lin-
ear>0.05), indicating that the relationship between RC
and EMs can be adequately explained by a linear model,
with no substantial contribution from the non-linear
terms (Supplementary Figs. 1 and 2).

Correlation between RC and endometriosis in different
subgroups

For the purpose of ensuring the robustness of the multi-
variable regression analysis results, this study conducted
a more detailed analysis of the stratified association
between RC and EMs across several subgroups, includ-
ing race, age, educational background, PIR, marital sta-
tus, BMI, chronic issues like diabetes, and cardiovascular
disorders like hypertension, smoking status, and age at
menarche. The outcomes from the stratified examina-
tion revealed a favorable link between RC and EMs in
certain demographics, namely women aged 30-40 years,
those who experienced menarche between 7 and 12 years
old, non-Hispanic blacks, married women, low-income
women, and those with a normal weight. Furthermore,
tests for interactions did not reveal any statistically sig-
nificant differences across all subgroups (all P values for
interactions>0.05).

RC may be a better indicator for identifying endometriosis
To evaluate the discriminatory ability of RC in predict-
ing EMs, its performance was assessed alongside tradi-
tional lipid markers, including TC, HDL-C, and LDL-C.
Figure 3 demonstrates the AUC values for these four
markers. Among them, RC exhibited the highest AUC
value of 0.614 (95% CI: 0.536-0.692), which meets the
‘possibly helpful’ threshold defined by JAMA, indicat-
ing its potential utility in clinical practice. In contrast,
TC (AUC=0.542), HDL-C (AUC=0.520), and LDL-C
(AUC=0.592) all fell below this threshold, indicating
poorer discriminatory ability. Additionally, RC achieved
higher sensitivity (0.818) and specificity (0.614) compared
to the other lipid markers, underscoring its potential as a
more effective indicator for identifying individuals at risk
of EMs.

To further explore the predictive power of RC, we
conducted multivariable logistic regression analyses
(Table 3). After full adjustment for confounders, RC
remained significantly associated with EMs (OR=2.35,
95% CI: 1.17-4.74, P=0.017). In contrast, TC, HDL-C,
and LDL-C did not show significant associations with
EMs after adjustment, further emphasizing RC’s distinct
predictive value.
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AUC

0.25 RC: 0.614
— LDLD-C: 0.592
— Total cholesterol: 0.542
— HDL-C: 0.520
0.00
0.00 0.25 0.50 0.75 1.00
1 — Specificity
Test AUC 95%CI lower 95%CI upper  Threshold Specificity Sensitivity PPV NPV
RC 0.614 0.536 0.692 0.064 0.452 0.818 0.115 0.966
HDL-C* 0.520 0.437 0.602 0.071 0.456 0.659 0.095 0.939
LDL-C* 0.592 0.512 0.671 0.072 0.548 0.636 0.109 0.946
Total cholesterol* 0.542 0.460 0.624 0.073 0.294 0.818 0.091 0.949

Fig. 3 Comparison of the predictive ability of four lipid related indicators for endometriosis. *When the AUC value of this indicator was compared to
the AUC value of the RC the result obtained was P<0.05. RC, Remnant Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density

Lipoprotein Cholesterol

Table 3 Weighted multivariable logistic regression to assess the association of other blood lipid indices with EMs

Characteristic Model 1 Model 2 Model 3

OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) Pvalue
RC 2.37(1.38-4.06) 0.002 2.32(1.29-4.19) 0.006 2.35(1.17-4.74) 0.017
HDL-C 0.94 (0.52-1.72) 0.843 0.84 (0.44-1.59) 0.587 0.98 (0.53-1.84) 0.960
LDL-C 1.18(0.97-1.43) 0.098 1.06 (0.86-1.31) 0.591 01 (0.82-1.26) 0.895
Total cholesterol 1.24 (1.04-1.48) 0.020 1.13(0.92-1.38) 0.246 1.10 (0.89-1.35) 0351

Model 1: no covariates were adjusted

Model 2: Adjusted for age, race

Model 3: Adjusted for age, race, education, marital status, PIR, BMI, smoke, alcohol, hypertension, diabetes, age of menarche, dietary energy, dietary protein, dietary

fiber and total sugars

RC, Remnant Cholesterol; PIR: Poverty Income Ratio; BMI: Body Mass Index.Cl, confidence interval; OR, odds ratios; Ref, reference
RCis in the quartile: Q1(0.150-0.380), Q2(0.380-0.545), Q3(0.545-0.813), Q4(0.813-2.073)

Evaluating the relative importance of variables using
XGBoost

To support the robustness of the findings, the XGBoost
algorithm was applied as a supplementary tool to vali-
date the relative importance of variables in predicting
EMs (Fig. 4). The selected variables encompassed age,
PIR, BMI, marital status, race, education, smoking sta-
tus, hypertension, diabetes, and blood lipid indicators,
including HDL-C, LDL-C, and total cholesterol. The
results from the XGBoost model indicated that RC, BMI,
HDL-C, LDL-C, and age emerged as the five most impor-
tant factors. Notably, RC was identified as the most sig-
nificant indicator, exhibiting greater relative importance

compared to blood lipid indicators such as HDL-C and
LDL-C. These results align with the multivariable regres-
sion findings, further supporting RC’s central role as a
predictive biomarker.

Discussion

This comprehensive research involving a sample of 1,840
adults showed a robust link between elevated levels of
RC and a greater probability of experiencing EMs. The
positive correlation persisted even after progressively
adjusting for potential confounders across Models 1 to
3. Subgroup analyses indicated that the impact of RC
on endometriosis was particularly pronounced among
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Fig. 4 Using XGBoost modeling to assess the relative importance of specific variables for endometriosis. XGBoost, eXtremeGradient Boosting; RC, Rem-
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women aged 30-40 years, non-Hispanic Blacks, mar-
ried individuals, those with normal weight, and partici-
pants with an age of menarche between 7 and 12 years.
Multivariable logistic regression demonstrated RC’s
independent predictive value, maintaining statistical sig-
nificance after adjusting for confounders. AUC analysis
(AUC=0.614) further indicated moderate discrimina-
tory ability, with RC outperforming LDL-C in sensitivity
and specificity, underscoring its clinical potential. The
XGBoost algorithm validated these findings by rank-
ing RC as the most important predictor among lipid and
demographic variables, reinforcing its relevance. To fur-
ther evaluate the relationship, GAM visually established
a consistent linear trend between RC and endometrio-
sis, while RCS provided statistical evidence affirming
this linearity. Together, these analyses present a coherent
argument for RC’s potential as a candidate biomarker for
endometriosis, indicating that it could partly serve as a
risk element for this ailment.

Based on existing literature, this research represents
the first exploration of the link between RC and EMs
utilizing the NHANES database. Although previous
studies on this subject have been somewhat restricted,
current studies have clarified the significant link between

irregularities in lipid metabolism and EMs [33-35]. Mul-
tiple investigations have demonstrated that patients with
EMs are more likely to experience lipid metabolism dis-
orders [9, 36], which are characterized by lower HDL-C
levels and elevated TC and LDL-C levels [11-13, 37].
These traditional lipid markers have been instrumental in
assessing the risk of EMs. As research has advanced, the
scientific community has increasingly focused on addi-
tional potential blood lipid markers, among which RC
has garnered significant attention from researchers. This
study introduces RC into the realm of EMs research for
the first time, elucidating its potential role as an emerg-
ing marker in this context. Unlike traditional blood lipid
markers, RC primarily reflects the cholesterol content
of residual particles in plasma [14]. Research has shown
a strong link between increased RC levels and cardio-
vascular disease (CVD) [38, 39], and evidence suggests
that EMs are also a risk factor for certain CVDs [40, 41].
Given that EMs and CVD may represent different mani-
festations of the same underlying pathological mecha-
nism [42], RC might also be an essential factor in the
development of EMs. This research highlights the prom-
ising role of RC in the early detection and intervention of
EMs by exploring their relationship, thereby contributing
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to the understanding of lipid metabolism irregularities in
the context of EMs studies.

Although RC may serve as a promising lipid marker for
predicting endometriosis, the specific biological mecha-
nisms underlying this association remain incompletely
understood. Existing studies suggest several potential
mechanisms that could account for the positive rela-
tion observed between RC levels and endometriosis.
These mechanisms encompass inflammatory responses,
immune regulation, and alterations in hormone levels.
Initially, it is possible that RC contributes to the onset of
endometriosis through the modulation of inflammatory
responses. According to studies, people with endome-
triosis have significantly higher amounts of inflamma-
tory factors in their peritoneal fluid, such as IL-8, TNF-q,
and IL-1p [43]. These inflammatory elements are crucial
in the advancement of the condition [44, 45]. By increas-
ing the expression of these mediators, RC may trigger
and perpetuate chronic inflammation [16], which in
turn could hasten the growth and dissemination of ecto-
pic endometrial tissue. Additionally, RC may influence
the pathological mechanisms associated with endome-
triosis by altering the functions of immune cells, such
as T cells and macrophages, that play a critical role in
the invasion of ectopic endometrial tissues [46—49]. RC
might also enhance the polarization of macrophages to
a pro-inflammatory M1 phenotype, intensifying local
inflammation and further facilitating lesion development
[50-52]. Finally, RC may also impact the development
of endometriosis by interfering with hormone metabo-
lism, particularly the balance of estrogen and progester-
one. Studies have demonstrated that blood lipid levels in
endometriosis patients change significantly during hor-
mone therapy, suggesting that RC may play a role in this
process [53, 54]. In summary, the relationship between
RC levels and endometriosis may stem from a variety of
complex factors, including alterations in inflammatory
responses, immune regulation, and hormone metabo-
lism. To gain a deeper understanding of this association,
future studies should integrate clinical and molecular
biology methodologies to further elucidate these mecha-
nisms and investigate the potential clinical utility of RC
as a biomarker.

Meanwhile, the study’s subgroup analysis revealed that
the relation between RC and EMs varied significantly
across specific groups. Consequently, the study further
investigated the potential reasons behind these subgroup
differences. Previous research has indicated that African-
American women typically enter puberty at an earlier age
[55], resulting in prolonged exposure to elevated estro-
gen levels, which may increase the risk of endometriosis.
Additionally, lower socioeconomic status may expose
these women to a greater number of environmental pol-
lutants during adolescence [56-58]. Collectively, these
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factors may amplify the relationship between RC and
endometriosis. Moreover, those with poor PIR are more
likely to experience malnourishment and limited access
to medical care, which may exacerbate the impact of RC
on the risk of endometriosis development. The research
found that endometriosis risk was substantially increased
in women whose menstrual cycles began before the age
of twelve [59]. This association may be attributed to the
longer duration of hormone exposure experienced by
these women throughout their lives [60]. Extended expo-
sure to estrogen is thought to provide a substantial role
in the formation and maturation of ectopic endometrial
tissue [61], which increases the likelihood of endome-
triosis. As a result, in specific groups, the significance
of RC as a contributing factor to endometriosis may be
more evident, whereas in other populations, this associa-
tion might be diminished by the influence of additional
factors.

RC, recognized as a non-invasive lipid marker, holds
significant clinical relevance for the early screening and
personalized treatment of endometriosis. A signifi-
cant link was noted between levels of RC and the likeli-
hood of developing endometriosis, particularly among
high-risk groups characterized by early menarche, low
socioeconomic status, and specific ethnic backgrounds.
Routine monitoring of RC levels in these populations
can aid healthcare providers in identifying individu-
als at high risk before the onset of symptoms, facilitat-
ing early intervention. This proactive approach not only
reduces dependence on invasive diagnostic techniques
but also enables more timely and effective treatment for
patients. Furthermore, dynamic monitoring of RC levels
can serve as a crucial reference for developing person-
alized treatment plans. Patients exhibiting elevated RC
levels may present with a higher prevalence of estrogen-
dependent lesions, indicating that these individuals may
require more aggressive interventions, such as intensive
hormonal therapy. Specifically, the effective reduction of
estrogen levels in the body can be accomplished by using
gonadotropin-releasing hormone (GnRH) agonists, anti-
progestins, or aromatase inhibitors, which consequently
diminishes the activity and proliferation of ectopic endo-
metrial tissue. Conversely, for patients with lower RC
levels, more conservative management strategies may be
advisable to prevent overtreatment and mitigate potential
side effects.

Strengths and limitations of the study

Multiple advantages boost the credibility of these results.
This investigation marks the first instance of identifying
a correlation between RC, a novel lipid indicator, and
endometriosis. Utilizing a sample that is nationally rep-
resentative from NHANES, along with the application
of proper NHANES sampling weights, guarantees the
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representativeness of the American adults. Additionally,
the integration of logistic regression, ROC analysis, and
the supplementary use of machine learning (XGBoost)
provides a comprehensive evaluation of RC’s predictive
performance.

Nonetheless, several limitations must be acknowl-
edged. The cross-sectional design of this study precludes
establishing causal relationships between RC and endo-
metriosis. Further prospective cohort studies and the
underlying mechnism would be needed to explore tem-
poral associations and the potential causal pathways. The
use of self-reported endometriosis diagnoses introduces
potential recall bias, which could affect the accuracy of
the data. While the study controlled for several potential
confounders, residual confounding remains a concern, as
it is impossible to fully account for all variables that could
influence the observed relationship.

Moreover, while RC demonstrated a moderate discrim-
inatory ability (AUC=0.614), its performance suggests
that RC is more of a supplementary indicator rather than
a definitive diagnostic tool. Further validation in prospec-
tive cohorts is needed to assess its reliability and clinical
utility. The study also lack data on lifestyle factors, such
as physical activity, which may have impacted the results
and could be important confounders. Additionally, the
absence of detailed clinical information regarding the
severity or stage of endometriosis limits the ability to
assess how RC might vary across different manifestations
of the disease. Lastly, the unavailability of endometrio-
sis variables in newer NHANES data cycles restricts the
generalizability of findings to more contemporary popu-
lations, underscoring the importance of future studies to
extend and validate these results.

Conclusion

This study found a significant association between ele-
vated RC levels and the likelihood of developing endome-
triosis. These findings, supported by ROC analysis and
feature importance ranking through XGBoost, suggest
that RC may have potential as a biomarker for endometri-
osis. Additionally, the moderate diagnostic performance
warrants caution in its clinical application, and further
studies are needed to validate the role of RC in risk strati-
fication and to explore its potential clinical uses.
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