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Objective: The C-reactive protein—albumin—lymphocyte (CALLY) index serves as an integrated indicator, reflecting the interplay
between systemic inflammation, immune competence, and nutritional health. While validated in other chronic diseases, its relevance to
endometriosis remains unexplored. We aimed to assess its association with endometriosis using nationally representative data.
Methods: This cross-sectional analysis used data from four cycles of the National Health and Nutrition Examination Survey
(NHANES, 1999-2006), including 4,602 US adults. The CALLY index was derived by integrating measurements of C-reactive
protein (CRP) levels, serum albumin concentrations, and lymphocyte counts. Associations with endometriosis were estimated using
weighted multivariable logistic regression across three progressively adjusted models. The discriminatory ability of CALLY was
assessed using receiver operating characteristic (ROC) analyses and compared against that of other commonly used inflammatory
biomarkers. Smoothed curve fitting and subgroup/interaction analyses assessed pattern and heterogeneity.

Results: Log-transformed CALLY values (In CALLY) levels showed a statistically significant inverse relationship with endometriosis
prevalence (OR = 0.87; 95% CI: 0.79-0.96). Individuals in the top quartile of In CALLY (Q4) had a 40% lower risk of endometriosis
than those in the bottom quartile (Q1) (OR = 0.60, 95% CI: 0.41-0.87). Compared to other commonly used indices, CALLY exhibited
superior discriminatory performance, achieving an AUC of 0.7219 (95% CI: 0.6970-0.7468) in the fully adjusted model. Curve fitting
indicated that higher CALLY index levels were linked to a reduced likelihood of endometriosis. Subgroup analysis further confirmed
the consistency and independence of this relationship (all p values for interactions > 0.05).

Conclusion: A significant inverse association was observed between the CALLY index and endometriosis prevalence among
American adults, supporting its potential as a novel inflammatory marker for identifying individuals at elevated risk. However, as
a cross-sectional study, causality cannot be inferred. Future prospective cohorts across diverse populations are needed to evaluate its
clinical utility for risk prediction and early identification.
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Introduction

Endometriosis is an estrogen-dependent disorder characterized by the ectopic growth of endometrial-like tissue outside
the uterine cavity and is commonly associated with pain and infertility." Statistically, endometriosis impacts approxi-
mately 10% (190 million) of women of reproductive age globally, significantly affecting reproductive health, quality of
life, and overall well-being.” Although endometriosis is highly prevalent, the absence of uniform diagnostic standards
and the wide variability in clinical presentation often contribute to considerable delays in both diagnosis (up to 10 years)
and treatment.® In addition, endometriosis exhibits malignancy-like features such as implantation, invasiveness, and
recurrence, and endometriosis-associated ovarian cancer from its malignant transformation has become a serious clinical

problem.*” Therefore, early identification of individuals at high risk for endometriosis is crucial for timely clinical
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intervention. Although various emerging biomarker modalities—including omics-based approaches such as metabolo-
mics—are under investigation to facilitate earlier detection, none have yet demonstrated sufficient reproducibility or
clinical feasibility for widespread clinical implementation.® This underscores the ongoing need for clinically accessible
and systemically integrative biomarkers that may serve as alternative or complementary tools in the early detection of
endometriosis.

The pathogenesis of endometriosis remains incompletely understood, despite advances in research. Emerging research
indicates that immunological dysfunction, persistent inflammatory responses, and nutritional status are critical contributors to
its development and progression. Patients exhibit an aberrant immunological microenvironment that enables retrograde
menstruation-derived endometrial cells to evade immune surveillance. Moreover, circulating pro-inflammatory cytokines and
altered immune-cell subsets contribute to a chronic, systemic inflammatory state extending beyond the pelvic cavity. >’
Inflammatory biomarkers obtained from complete blood count data—such as the systemic inflammation index (SII),
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic inflammation response index (SIRI),
derived NLR (dNLR), neutrophil-percentage-to-albumin ratio (NPAR), and pan-immune-inflammation value (PIV)—have
been widely investigated for their associations with endometriosis.'®'? However, findings remain inconsistent across
populations and study designs, owing to variability in sample sizes, diagnostic criteria, and analytical analytical approaches.
Moreover, these indices typically reflect only a single dimension of systemic response—such as inflammation or immune
status—Ilimiting their predictive value and clinical utility. In addition, growing evidence suggests that nutritional factors also
influence the severity and clinical presentation of endometriosis, with targeted dietary interventions showing potential in
symptom management.''* Overall, the dynamic interaction between immunity, inflammation, and nutrition forms
a complex vicious cycle that contributes to disease progression.

The CALLY index, a novel composite biomarker integrating C-reactive protein, albumin, and lymphocyte count, was
first proposed by Tida et al in 2022 and has since been validated as a prognostic indicator in various malignancies.'>'® Tts
clinical utility has since extended to cardiovascular, respiratory, and critical care conditions.'” ' In an observational
study, the CALLY index outperformed other traditional prognostic indicators, such as SII, neutrophil-to-lymphocyte ratio,
platelet-to-lymphocyte ratio, and modified Glasgow prognostic score, in terms of predicting the accuracy of mortality risk
in patients with colorectal cancer.?’ In contrast to conventional indices that reflect only a single physiological process, the
CALLY index captures the interplay among systemic inflammation, nutritional status, and immune function—three
interrelated biological processes increasingly recognized as integral to the pathophysiology of endometriosis. This
integrative marker therefore offers a biologically grounded, multidimensional measure that aligns with the complex
systemic nature of endometriosis. However, no prior research has examined the potential link between CALLY levels and
the risk of developing endometriosis. This research aimed to contribute to the early diagnosis and prevention of
endometriosis by examining the potential association between the CALLY index and this condition, using data from
the National Health and Nutrition Examination Survey (NHANES).

Materials and Methods
Data Sources and Study Population

This study utilized data from the NHANES database, a comprehensive, cross-sectional survey program conducted by the
National Center for Health Statistics (NCHS) in 1999, offering nationally representative insights.”' To gather compre-
hensive health data through questionnaire interviews, physical examinations, and laboratory testing, NHANES utilizes
a sophisticated multistage probability sampling approach. The survey was conducted biennially, and each participant
signed an informed consent form to comply with the requirements of the Centers for Disease Control and Prevention
Institutional Review Board.

For this analysis, we examined data from four successive NHANES cycles, conducted between 1999 and 2006, as
endometriosis-related questionnaire responses were only available during this period. A total of 41,474 individuals participated
in the survey over this timeframe. Only female participants (n=6,626) between the ages of 20 and 55 were included in the
analysis. In addition, participants with missing data were excluded, including those who had, (1) missing endometriosis-related
interview survey data (n=1069), (2) missing data on CBC-derived inflammatory-related indicators (n=356), and (3) missing data
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Figure | Flowchart of participant inclusion and exclusion in the current study.
Abbreviations: NHANES, National Health and Nutrition Examination Surveys; CBC, complete blood count; PIR, poverty income ratio; BMI, body mass index.

on important covariates (n= 594). The final analytic sample consisted of 4,602 participants after applying all exclusion criteria
(Figure 1). The specific distribution of excluded participants due to missing values in covariates is also illustrated in Figure 1 to
provide additional transparency regarding data completeness.

Endometriosis Definition

In this study, the identification of endometriosis was based on participants’ responses to two specific questions from the
reproductive health survey: (1) RHQ360: “Have you ever been told by a healthcare professional that you have
endometriosis?” and (2) RHQ370: “What was your age when you were initially diagnosed with endometriosis?”.***
Female participants who answered “yes” to RHQ360 or indicated their age at diagnosis in RHQ370 were classified as
having endometriosis. The others were grouped as controls, indicating no diagnosis of endometriosis.

CBC-Derived Inflammation-Related Indicators Measurement
This research investigated several key biomarkers associated with immunity, nutrition, and inflammation, including
leukocytes, neutrophils, lymphocytes, monocytes, platelets, albumin, and CRP. To investigate how these biomarkers
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relate to endometriosis, we calculated several composite indices: CALLY, SIRI, NPAR, dNLR, and PIV.**?® The
CALLY index was calculated as (albumin x lymphocyte count)/(CRP x 10), following the formula proposed by lida
et al (2022).%° In their original study, lymphocyte counts were expressed in units of cells per microliter, requiring
a scaling factor of 10%. In our dataset, however, lymphocyte counts are already reported in thousands per microliter
(x10%/uL). Therefore, we used a simpler scaling factor of 10 to ensure that the resulting index remains on a comparable
scale. Complete Blood Count (CBC) was obtained using the Beckman Coulter® counting and quantification method and
reported as x103 cells/uL. Serum albumin levels were measured using the Roche Cobas 6000 chemistry analyzer with
bromocresol purple reagent and presented as g/dL. Additionally, CRP levels in serum were quantified using a Behring
Nephelometer with latex-enhanced nephelometry for measurement and expressed in mg/dL. Because the CALLY, SIRI,
NPAR, dNLR, and PIV data had a right-skewed distribution, the data was normalized using the natural logarithmic
transformation (In).

albumin x lymphocytes

CALLY = CRP x 10

SIRI — neutrophils X monocytes

lymphocytes

NPAR — neutrophzl's(%)
albumin

INLR — neutrophils

(white cell count — lymphocytes)

IV — neutrophils X platelets x monocytes

lymphocytes

Covariate Definition

In order to reduce the impact of possible confounding variables, this study included a range of covariates in the statistical
models. These covariates included sociodemographic variables, lifestyle, and health status. Covariates specifically
include age (years), race/ethnicity, marital status, education level, poverty-to-income ratio (PIR), body mass index
(BMI), smoking status, age of menarche, and use of oral contraceptives. Racial and ethnic classifications included non-
Hispanic White, non-Hispanic Black, Mexican American, and other races. Marital status was categorized into three
distinct groups: married or living with a partner, separated/divorced/widowed, and never married. Educational level was
categorized as less than high school, high school, and college or higher. Family economic status was conducted with PIR,
and stratified into low (<1.3), middle (1.3-3.0), and high (>3.0) income levels. BMI classifications were classified as
normal weight (< 25 kg/m?), overweight (25-30 kg/m?), and obesity (> 30 kg/m?) by clinical significance. Smoking
behavior was evaluated using serum cotinine levels, with values <3.0 ng/mL indicating nonsmokers or non-current
smokers, and >3.0 ng/mL indicating current smokers. Age at menarche, a critical marker of female reproductive health,
was divided into two categories: <13 years and >13 years. Oral contraceptive use status was another disease-related
covariate derived from the questionnaire RHQ420 and was categorized as either “ever used” or “never used.”

Statistical Analysis

In this study, secondary analyses were performed on publicly accessible data, and descriptive statistics were utilized to
describe the participants’ baseline characteristics. Continuous variables are reported as the mean + standard deviation,
and categorical data are shown as frequencies and percentages. Considering the complex multistage probability sampling
design of NHANES, we followed the NCHS guidelines by using weights from 4-year fasting data (WTSAF4YR) for
participants from 1999-2002 and weights from 2-year fasting data (WTSAF2YR) for participants from 2003-2006. The
relationship between CBC-derived inflammatory biomarkers and endometriosis was examined using weighted
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multifactorial logistic regression. To account for confounding factors, three separate logistic regression models were
applied. Model I did not adjust for any covariates and analyzed only the effects of CBC-derived inflammatory-related
indicators and endometriosis; Model II adjusted for sociodemographic variables (age, race/ethnicity, and education level);
and Model I further adjusted for additional covariates, including PIR, marital status, BMI, smoking status, age at
menarche, and oral contraceptive use status. The purpose of these models was to thoroughly account for confounding
variables and provide a clearer understanding of how inflammatory markers are linked to endometriosis. To minimize the
influence of extreme values, the natural logarithm of CALLY (In CALLY) was separated into quartiles and analyzed as
a categorical variable. Smooth curve fitting methods were applied to investigate the possible linear and nonlinear
associations between In CALLY levels and the presence of endometriosis. To further evaluate model performance, we
calculated variance inflation factor (VIF) values for all variables included in Models 2 and 3, and additionally performed
receiver operating characteristic (ROC) curve analyses to evaluate and compare the predictive performance of inflam-
matory indices, including CALLY, SIRI, NPAR, dNLR, and PIV, for endometriosis. A separate sensitivity analysis was
conducted using random forest imputation for missing covariate data to examine the impact of missingness on the overall
results.

Furthermore, subgroup analyses and interaction tests were employed to evaluate how specific population character-
istics might affect the relationship between CALLY and the likelihood of developing endometriosis. The analyses were
performed across categories including age (<35 years or >35 years), race/ethnicity (non-Hispanic White, non-Hispanic
Black, Mexican American, and other races), marital status (married/living with a partner, separated/divorced/widowed,
and never married), smoking status (non-smoker or non-current smoker or current smoker), age at menarche (<13 years
or >13 years), and oral contraceptive use (ever or never).

The statistical analyses in this study were executed utilizing the R software package (http://www.r-project.org) and

EmpowerStats (http://www.empowerstats.com). A two-sided p-value of less than 0.05 was considered to indicate

statistical significance.

Results

Characteristics of the Participants

Following stringent exclusion criteria, this study included 4602 participants from the NHANES dataset spanning 1999 to
2006, with 338 individuals (7.34%) being diagnosed with endometriosis by their physicians (Figure 1). The socio-
demographic information and laboratory data for the participants are summarized in Table 1. The cohort of endometriosis
patients had an average age of 40.04 + 8.52, significantly higher than the 35.43 + 10.03 years observed in the non-

Table | Basic Characteristics of Study Participants from NHANES 1999-2006

Exposure Total Non-Endometriosis | Endometriosis | p-value
Sample size 4602 4264 338
Age, (Mean + SD) 35.76 + 10.00 35.43 + 10.03 40.04 + 8.52 <0.001
Age (years), n (%) <0.001
< 35years 2222 (48.28%) 2132 (50.00%) 90 (26.63%)
= 35years 2380 (51.72%) 2132 (50.00%) 248 (73.37%)
Racel/ethnicity, n (%) <0.001
Non-Hispanic white 2194 (47.67%) 1961 (45.99%) 233 (68.93%)
Non-Hispanic black 927 (20.14%) 870 (20.40%) 57 (16.86%)
Mexican American 1071 (23.27%) 1042 (24.44%) 29 (8.58%)
Other races 410 (8.91%) 391 (9.17%) 19 (5.62%)
Education level, n (%) <0.001
Less than high school 1058 (22.99%) 1020 (23.92%) 38 (11.24%)
High school 1011 (21.97%) 922 (21.62%) 89 (26.33%)
College or higher 2533 (55.04%) 2322 (54.46%) 211 (62.43%)

(Continued)
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Table | (Continued).

Exposure Total Non-Endometriosis | Endometriosis | p-value
Marital status, n (%) <0.001
Married/living with partner 3005 (65.30%) 2777 (65.13%) 228 (67.46%)
Separated/divorced/widowed 693 (15.06%) 622 (14.59%) 71 (21.01%)

Never married 904 (19.64%) 865 (20.29%) 39 (11.54%)

PIR, n (%) <0.001
<13 1333 (28.97%) 1267 (29.71%) 66 (19.53%)

1.3-3.5 1668 (36.25%) 1555 (36.47%) 113 (33.43%)

>35 1601 (34.79%) 1442 (33.82%) 159 (47.04%)

BMI (kg/m?), n (%) 0.967
<25 1596 (34.68%) 1477 (34.64%) 119 (35.21%)

25-30 1303 (28.31%) 1207 (28.31%) 96 (28.40%)

> 30 1703 (37.01%) 1580 (37.05%) 123 (36.39%)

Smoking status, n (%) 0.007
Non-smoker 3480 (75.62%) 3245 (76.10%) 235 (69.53%)
current-smoker 1122 (24.38%) 1019 (23.90%) 103 (30.47%)

Age of menarche (years), n (%) 0.018
< |3 years 2342 (50.89%) 2149 (50.40%) 193 (57.10%)

= |3 years 2260 (49.11%) 2115 (49.60%) 145 (42.90%)

Oral contraceptives, n (%) <0.001
No 1063 (23.10%) 1031 (24.18%) 32 (9.47%)

Yes 3539 (76.90%) 3233 (75.82%) 306 (90.53%)

In CALLY Quartile, n (%) 0.307
Ql 1151 (25.01%) 1062 (24.91%) 89 (26.33%)

Q2 1149 (24.97%) 1060 (24.86%) 89 (26.33%)

Q3 1151 (25.01%) 1061 (24.88%) 90 (26.63%)

Q4 1151 (25.01%) 1081 (25.35%) 70 (20.71%)

Notes: Continuous variables are expressed as the mean (standard deviation, SD). The P value was determined using the weighted
linear regression model. Categorical variables are presented as percentages (%), with the P value calculated using the weighted chi-
square test.

Abbreviations: NHANES, National Health and Nutrition Examination Surveys; CALLY, the CRP-albumin-lymphocyte index; PIR,
poverty income ratio, a standardized measure of socioeconomic status calculated as the ratio of family income to the federal
poverty threshold.; BMI, body mass index (kg/m?).

endometriosis group (P < 0.001). BMI did not exhibit a meaningful association with endometriosis occurrence (P =
0.967). Race/ethnicity, marital status, education level, PIR, smoking status, age of menarche, and use of oral contra-
ceptives were significantly associated with endometriosis (P < 0.05). More specifically, women with endometriosis were
significantly more likely to be non-Hispanic White, have attained higher levels of education (college or higher), be
married or cohabiting, have a higher PIR, not smoke, experience earlier menarche, and use oral contraceptives (p < 0.05).

Association Between CALLY and Endometriosis Prevalence

Since the distribution of these inflammation-related indicators was significantly skewed, a natural log transformation was
applied prior to performing statistical analyses to ensure data normalization. Presented in Table 2, the findings from
weighted multivariable logistic regression analysis explore the link between CBC-derived systemic inflammatory
indicators and the prevalence of endometriosis. The results from both Model 1 (OR=0.93, 95% CI: 0.86, 1.01) and
Model 2 (OR=0.89, 95% CI: 0.82, 0.97) revealed an inverse association, and this trend remained statistically relevant
even in the fully adjusted model (OR=0.87, 95% CI: 0.79, 0.96). This indicates that higher In CALLY levels were
associated with approximately 13% lower odds of endometriosis. Conversely, In SIRI, In NPAR, In DNLR, and In PIV

did not reveal notable associations with endometriosis in the fully adjusted model.
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Table 2 Weighted Multivariate Logistic Analysis CBC-Derived Inflammatory Indicators and
Endometriosis

Exposure Model | p-value Model 2 p-value Model 3 p-value
OR (95% CI) OR (95% CI) OR (95% CI)

In CALLY | 0.93 (0.86, 1.01) 0.079 0.89 (0.82, 0.97) 0.007 0.87 (0.79, 0.96) 0.004

In SIRI 0.98 (0.82, 1.16) 0.789 1.03 (0.85, 1.25) 0.756 1.03 (0.85, 1.25) 0.766

In NPAR 0.82 (0.51, 1.30) 0.393 1.20 (0.71, 2.03) 0.494 1.18 (0.69, 2.03) 0.551

In DNLR 1.25 (0.23, 6.81) 0.780 3.50 (0.51, 23.80) 0.201 3.01 (0.43, 20.92) 0.266

In PIV 0.98 (0.83, I.15) 0.781 1.02 (0.86, 1.22) 0.804 1.02 (0.85, 1.22) 0.821

Notes: Model | was an unadjusted crude mo Model 2 was built upon Model | by incorporating adjustments for age, race/
ethnicity, and education level; Model 3 further extended Model 2 by incorporating adjustments for marital status, PIR, BMI,
smoking status, age of menarche, and use of oral contraceptives.

Abbreviations: CALLY, the CRP-albumin-lymphocyte index; SIRI, the systemic inflammation response index; NPAR, the
neutrophil-percentage-to-albumin ratio; dNLR, the derived NLR; PIV, the pan-immune-inflammation value; OR, odds ratio; Cl,
confidence interval; PIR, poverty income ratio; BMI, body mass index.

Table 3 Cross-Sectional Association Between Ln CALLY Index and Endometriosis

In CALLY Model | p-value Model 2 p-value Model 3 p-value
OR (95% CI) OR (95% CI) OR (95% ClI)

Ql Ref Ref Ref

Q2 1.00 (0.74, 1.36) 0.990 | 0.90 (0.66, 1.24) 0.527 0.88 (0.64, 1.21) 0.433

Q3 1.01 (0.75, 1.37) 0.938 0.88 (0.64, 1.20) 0.423 0.83 (0.60, 1.16) 0.271

Q4 0.77 (0.56, 1.07) 0.119 0.65 (0.47, 0.91) 0.011 0.60 (0.41, 0.87) 0.008

P for trend 0.156 0.015 0.010

Notes: Categorized according to CALLY Quartiles. Model | was adjusted for none; Model 2 was adjusted for age, race/
ethnicity, and education level; Model 3 was adjusted for age, race/ethnicity, education level, marital status, PIR, BMI, smoking
status, age of menarche, and use of oral contraceptives.

Abbreviations: CALLY, the CRP-albumin-lymphocyte index; OR, odds ratio; Cl, confidence interval; PIR, poverty income
ratio; BMI, body mass index.

We divided the value of In CALLY into quartiles. Table 3 investigates how different quartiles of In CALLY relate to the
frequency of endometriosis. After applying full adjustments in Model 3, individuals in the highest quartile of In CALLY (Q4)
demonstrated a significant link to endometriosis (OR = 0.60, 95% CI: 0.41-0.87, p=0.008). More precisely, each additional unit
of In CALLY within the highest quartile (Q4) was associated with a 40% reduction in the likelihood of endometriosis, compared
to individuals in the lowest quartile (Q1). When comparing quartile 1 with quartiles 2—4, an increasing trend in OR values was
observed as In CALLY levels rose (P for trend = 0.010). While only the highest quartile (Q4) reached statistical significance in
the fully adjusted model, the significant P for trend and the gradually decreasing OR values across quartiles suggest a potential
dose—response relationship between higher CALLY levels and lower endometriosis risk. To further evaluate the potential
influence of missing data, a sensitivity analysis was performed using random forest imputation for covariates. After imputation,
the multivariable logistic regression models were re-estimated based on the expanded sample (n = 5,201). The direction,
magnitude, and statistical significance of the associations between In CALLY and endometriosis remained essentially
unchanged, supporting the robustness of our findings (Table S2). Figure 2 illustrates that smoothed curve fitting revealed
a significant decrease in endometriosis risk as In CALLY levels rose. To address concerns regarding potential multicollinearity
among covariates, we assessed multicollinearity among covariates included in Models 2 and 3. All variance inflation factor
(VIF) values were below 5, with mean VIFs of 1.06 and 1.22 respectively, indicating no concerning multicollinearity (Table S1).

Subgroup Analysis and Interaction

Figure 3 illustrates the findings from subgroup analysis and interaction testing, revealing how In CALLY influences
endometriosis risk across varying population characteristics. Specifically, no substantial interactions were observed
between In CALLY and variables such as age (P = 0.7442), race/ethnicity (P = 0.5244), education level (P = 0.5323),
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Figure 2 Smooth curve fitting diagram of the CALLY index and endometriosis in fully adjusted models.
Abbreviations: CALLY, C-reactive protein—albumin—lymphocyte index.

marital status (P = 0.7122), PIR (P = 0.8765), BMI (P = 0.8267), smoking status (P = 0.1348), age of menarche (P =
0.6046), and use of oral contraceptives (P = 0.0978). These results suggest that the relationship between In CALLY and
endometriosis did not show statistically significant differences across different subgroups.

ROC Analysis

To evaluate the predictive accuracy of the CALLY index and other indices, ROC analyses were conducted across Models
1 to 3. As shown in Figure 4, the AUC of CALLY increased from 0.5247 (95% CI: 0.4939-0.5555) in Model 1 to 0.7025
(95% CI: 0.6769-0.7281) in Model 2, and 0.7219 (95% CI: 0.6970-0.7468) in Model 3, indicating improved discrimi-
natory performance with progressively adjusted models. Similarly, other indices such as SIRI, NPAR, dNLR, and PIV
also exhibited progressively higher AUCs across these models, though none surpassed CALLY in predictive ability. Full
results are presented in Table 4.

Discussion
To our knowledge, this is the first study using nationally representative US data to investigate the association between the
CALLY index and endometriosis. This research provides an in-depth analysis of the association between the CALLY
index and endometriosis among adult females in the US, using NHANES data from 1999 to 2006. Among 4,602
participants, endometriosis was notably less common in those with higher CALLY levels, suggesting a clear negative
association. This relationship remained robust when the index was analyzed in quartiles and was consistently observed
across various subgroups in interaction analyses.

Chronic low-grade inflammation is a key contributor to the pathophysiology of endometriosis, adversely affecting
ovarian and pelvic function and increasing risks of chronic pain, infertility, and malignant transformation.’>*' CRP,
a nonspecific biomarker of inflammation and tissue damage with significant pro-inflammatory effects, is primarily
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Subgroups OR (95%Cl) p for Interaction
Age 0.7442
< 35 years —— 0.84 (0.71, 1.00)

> 35 years — 0.87 (0.78, 0.98)
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non—-Hispanic white —— 0.86 (0.77, 0.96)

non-Hispanic black i 0.83 (0.66, 1.05)

Mexican American 1.06 (0.76, 1.47)

other races = 0.72 (0.48, 1.09)

Education level 0.5323
less than high school L 0.99 (0.75, 1.30)

high school — 0.90 (0.75, 1.07)

college or higher —— 0.84 (0.75, 0.95)

Marital status 0.7122
married/living with partner — 0.88 (0.78, 0.99)
separated/divorced/widowed i 0.86 (0.70, 1.07)

never married 0.78 (0.61, 1.01)

PIR 0.8765
<13 L] 0.87 (0.70, 1.08)

1.3-35 —— 0.84 (0.71, 0.99)

>35 — 0.88 (0.77, 1.01)

BMI 0.8267
<25 —— 0.88 (0.77, 1.02)

25-30 —a— 0.88 (0.74, 1.05)

>30 —— 0.82 (0.69, 0.99)

Smoking status 0.1348
non-smoker — 0.82(0.74, 0.92)

current-smoker —— 0.96 (0.81, 1.14)

Age of menarche 0.6046
<13 years — 0.89 (0.78, 1.01)

> 13 years —— 0.84 (0.74, 0.97)

Oral contraceptives 0.0978

No

Yes

=

r
0.50

T
0.71

Figure 3 Subgroup analysis of the associations between endometriosis and In CALLY.

T
1.0

141

0.71 (0.55, 0.92)
0.89 (0.81, 0.98)

Notes: The forest plot displays odds ratios (ORs) and 95% confidence intervals (Cls) for the association between In CALLY and endometriosis across subgroups. P for
interaction values are displayed on the right to assess whether the associations significantly differ across subgroups.
Abbreviations: PIR, poverty income ratio; BMI, body mass index; OR, odds ratio; Cl, confidence interval.

synthesized and secreted by liver cells in response to interleukin-6 stimulation. An investigation revealed that serum hs-
CRP concentrations were markedly elevated among individuals diagnosed with endometriosis when contrasted with
healthy controls, further emphasizing the critical role of chronic inflammation in the pathophysiology of endometriosis.*>
According to Lermann et al, although hs-CRP and CRP concentrations appeared higher among endometriosis patients
relative to individuals without the condition, the observed variation was not statistically significant.*® This inconsistency
may be attributed to differences in study populations, testing procedures, illness subtypes, disease stages, and/or sample
sizes. Given that CRP levels can be influenced by various factors, its utility as a standalone diagnostic marker is limited.
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Figure 4 ROC curves of the CALLY index for predicting endometriosis across three logistic regression models.

Notes: Comparison of the area under the curve (AUC) values of the CALLY index across three logistic regression models. Model |, unadjusted model; Model 2 was built
upon Model | by incorporating adjustments for age, race/ethnicity, and education level; Model 3 further extended Model 2 by incorporating adjustments for marital status,
PIR, BMI, smoking status, age at menarche, and oral contraceptive use.

Abbreviations: CALLY, C-reactive protein—albumin—lymphocyte index; ROC Curve, receiver operating characteristic curve; AUC, area under the curve; PIR, poverty
income ratio; BMI, body mass index.

Therefore, the CALLY index was proposed to integrate CRP with other serum markers to comprehensively predict the
risk of endometriosis.

Nutritional deficiency is considered a key risk factor for endometriosis progression, promoting ectopic cell prolifera-
tion, estrogen biosynthesis, angiogenesis, inflammation, and resistance to apoptosis.>* There is accumulating evidence
that targeted nutritional interventions can alter various molecular processes, such as estrogen activity, prostaglandin

Table 4 Comparison of AUC Values Between CALLY and Other Inflammation Marks

CBC-Derived Inflammatory Indicators

AUC (95% CI)
- Model |

AUC (95% CI)
- Model 2

AUC (95% CI)
- Model 3

CALLY
SIRI
NPAR
DNLR
PIV

0.5247 (0.4939, 0.5555)
0.5054 (0.4746, 0.5361)
0.4928 (0.4623, 0.5232)
0.5181 (0.4873, 0.5490)
0.5079 (0.4763, 0.5395)

0.7025 (0.6769, 0.7281)
0.6989 (0.6736, 0.7242)
0.6990 (0.6737, 0.7243)
0.6994 (0.6742, 0.7246)
0.6989 (0.6736, 0.7242)

0.7219 (0.6970, 0.7468)
0.7184 (0.6937, 0.7431)
0.7183 (0.6936, 0.7430)
0.7182 (0.6936, 0.7429)
0.7185 (0.6938, 0.7432)

Note: Comparison of the area under the ROC curve (AUC) values for different inflammation-based indices. Model | was unadjusted; Model 2 was
adjusted for age, race/ethnicity, and education level; Model 3 was additionally adjusted for marital status, PIR, BMI, smoking status, age at menarche,
and oral contraceptive use.

Abbreviations: CBC, complete blood count; CALLY, C-reactive protein—albumin—lymphocyte index; SIRI, systemic inflammation response index;
NPAR, neutrophil-to-albumin ratio; dNLR, derived neutrophil-to-lymphocyte ratio; PIV, pan-immune-inflammation value; Cl, confidence interval; PIR,
poverty income ratio; BMI, body mass index.
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metabolism, inflammation, and oxidative stress, which may alleviate clinical manifestations and enhance quality of life
among those affected by endometriosis.’®> As a principal marker of an individual’s nutritional condition, albumin is
mainly produced in the liver and contributes significantly to antioxidant protection mechanisms.*® As reported by
Signorile et al at the Centro Italiano Endometriosi, serum samples from 20 patients with endometriosis were analyzed
using Luminex technology, revealing significantly lower albumin levels compared with healthy controls.>” A Pakistani
study reported that serum albumin concentrations were marginally elevated in the control group compared to individuals
with endometriosis, although this variation did not reach statistical significance.”® This study clarifies the association
between the CALLY index—which integrates serum albumin—and endometriosis, highlighting albumin’s potential
relevance in disease development and the need for further mechanistic research.

Extensive evidence suggests that immunological dysfunction creates a microenvironment that allows ectopic endo-
metrial cells to evade immune surveillance, thereby promoting their proliferation, adhesion, angiogenesis, and eventual
implantation.>**° Lymphocyte subsets are essential for maintaining immune balance and clearing aberrant cells, serving
as direct indicators of immune function. A study from Iran reported significantly lower lymphocyte counts in patients
with endometriosis compared to those with other benign gynecological tumors.*' Similarly, Ottolina et al observed
decreased lymphocyte levels in women with ovarian endometriosis, with more pronounced reductions in advanced
stages.*? Another study from Tiirkiye found lower lymphocyte counts in endometriosis patients than in controls, although
the difference was not statistically significant.*® Furthermore, the functional imbalance and interactions of lymphocyte
subsets are also involved in the pathophysiology of endometriosis. Several studies have demonstrated that the Th1/Th2
balance in peripheral blood and peritoneal fluid shifts toward Th2 immunity in endometriosis patients, a disruption that
can promote immune tolerance and disease progression.***> The regulatory T cells (Tregs), which suppress inflammation
and maintain immune homeostasis, are reportedly elevated in peritoneal fluid and ectopic lesions, although their

1'46

concentrations in the normal endometrium and peripheral blood remain controversial.”™ Despite physiological and

pathological fluctuations, lymphocyte count remains a clinically relevant marker of immune function, especially when
combined with other inflammation-related indicators.*’**

Recently, growing attention has been directed toward exploring the association between CBC-derived inflammatory
indicators and endometriosis, but findings remain inconsistent due to differences in populations, sample sizes, and
methodologies. A retrospective study from Romania found that increased levels of neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) may correspond to both pelvic pain and advanced stages of endometriosis, while
Yavuzcan et al found no significant differences in these markers, possibly reflecting regional or individual variability.**->
A clinical study from China showed increased SII, SIRI, NLR, and PIV in endometriosis patients.12 Conversely, a cross-
sectional analysis identified a positive association between SII and disease occurrence, though the relationship was
influenced by demographic and reproductive factors.'® This study comprehensively analyzed the relationship between
endometriosis, CALLY index, and other inflammatory markers. The results showed that the CALLY index—incorporat-
ing inflammation, nutritional status, and immune function—was independently associated with endometriosis, whereas
SIRI, NPAR, dNLR, and PIV did not demonstrate significant predictive value.

Beyond the inflammatory and immune mechanisms discussed above, we also observed demographic differences in
disease distribution. For instance, affected women tended to be older, possibly due to diagnostic delays or increased
healthcare engagement with age.> Earlier menarche was also more prevalent, which may reflect prolonged exposure to
menstruation and retrograde flow.”' Additionally, the higher reported prevalence among non-Hispanic White women may
be partially attributed to racial disparities in symptom recognition and diagnostic access.”> While not central to our
analysis, these patterns underscore the importance of demographic context in interpreting disease burden.

One of the main strengths of this study lies in the use of nationally representative data from the NHANES program,
enhancing the generalizability of the findings. Additionally, this study introduces the CALLY index as an innovative and
minimally invasive indicator that allows for a multidimensional assessment of endometriosis prevalence. The application
of weighted multivariate logistic regression models and subgroup analysis reinforced the credibility and robustness of the
findings. Nonetheless, several limitations should be acknowledged. First, endometriosis diagnosis was based on self-
reported data rather than clinical confirmation, which may introduce recall bias or misclassification. Second, the lack of
disease staging data in NHANES limited severity-specific analyses and may have reduced the interpretability and
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generalizability of our findings, given the considerable biological heterogeneity of endometriosis across stages. Third,
due to the cross-sectional design of this research, it cannot establish a direct cause-and-effect link between the CALLY
index and endometriosis but can only illustrate their association. Given this limitation, future prospective cohort studies
are warranted to validate the temporal and causal relationship between CALLY levels and the development of
endometriosis. Additionally, the results of this study require additional validation in a larger and more diverse population
because it relied on participants from the NHANES database from 1996 to 2006, which only represents the US
population. Moreover, given the multifactorial nature of endometriosis—including retrograde menstruation, metaplasia,
stem cell migration, hormonal and environmental influences—future studies should adopt multidimensional risk assess-
ment frameworks.>® Accordingly, the CALLY index may, in future applications, be considered alongside other emerging
biomarkers to support more comprehensive and integrative strategies for endometriosis risk prediction.® Despite these
limitations, this research represents a pioneering effort to elucidate how endometriosis may be linked to CALLY values,
providing a practical and affordable tool for identifying high-risk populations, particularly as a cost-effective adjunct for
early detection in healthcare settings with limited diagnostic resources.

Conclusion

In summary, the findings suggest that lower CALLY values tend to coincide with higher endometriosis burden, under-
scoring the relevance of integrating nutritional evaluation, systemic inflammation control, and immune profiling into
patient management strategies. This finding emphasizes the considerable value of employing the CALLY index in clinical
settings to screen for individuals with an elevated likelihood of endometriosis. However, these findings should be
considered preliminary, and further validation in large-scale, prospective, and multi-center studies is essential to confirm
their clinical utility and elucidate underlying mechanisms.
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