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Background and Aim: Pelvic inflammatory disease (PID), a chronic infection of the female upper genital tract, is a leading cause of 
morbidity in reproductive-aged women, often resulting in chronic pelvic pain, tubal infertility, and ectopic pregnancy. Choline, an 
essential nutrient, plays a critical role in various metabolic processes and is known to modulate inflammatory pathways. However, the 
potential link between dietary choline intake and PID remains largely unexplored. This study aimed to investigate the relationship 
between dietary choline consumption and PID prevalence.
Methods: We analyzed data from the National Health and Nutrition Examination Survey (NHANES) 2013–2018. A total of 3204 
women were included in the analysis. The association between choline intake and PID was assessed using multivariable logistic 
regression and smooth curve fitting. Subgroup analyses were performed to explore potential effect modifiers, and threshold effect 
analysis was used to identify inflection points in the relationship.
Results: Among the 3204 women studied, 208 had PID. In fully adjusted models, higher choline intake was significantly associated 
with a reduced risk of PID (OR = 0.20, 95% CI: 0.04–0.92, p = 0.038). Compared to women in the lowest quintile of choline intake, 
those in the highest quintile had a 45% lower risk of PID (OR = 0.55, 95% CI: 0.30–0.98, p = 0.044). Smooth curve fitting 
demonstrated a nonlinear association, with an inflection point at 0.41 g/day overall and at 0.29 g/day for normotensive women. 
Subgroup analysis suggested that blood pressure status may modify this relationship.
Conclusion: Higher dietary choline intake was associated with a reduced prevalence of PID. These findings highlight the potential 
role of nutritional factors, particularly adequate choline intake, in reproductive health and support further prospective research to 
confirm causality.
Keywords: dietary choline intake, pelvic inflammatory disease, NHANES, cross-sectional study

Introduction
PID is a common infectious disorder of the female reproductive system,1 primarily caused by ascending pathogens such 
as Neisseria gonorrhoeae and Chlamydia trachomatis,2,3 often secondary to untreated sexually transmitted infections or 
vaginal microbiota imbalance.4–6 The clinical manifestations vary widely, ranging from asymptomatic to severe symp
toms including lower abdominal pain, fever, abnormal vaginal discharge, and dyspareunia.7,8 Serious side effects include 
ectopic pregnancy, chronic pelvic pain, and tubal factor infertility could result from PID if treatment is delayed,9,10 

imposing a dual burden on both reproductive health and psychological well-being in women.
Mounting evidence from recent epidemiological investigations has elucidated the substantial impact of nutritional and 

lifestyle factors on female reproductive health. Contemporary research has specifically identified tobacco use, alcohol 
consumption patterns, and dietary caffeine exposure as key modifiable risk factors influencing reproductive health 
trajectories.11 Research suggests that specific dietary patterns or nutrient intake may affect female reproductive health: 
ketogenic diets may regulate ovarian function in women with polycystic ovary syndrome (PCOS),12 dietary fiber intake 
is negatively associated with infertility risk,13 and vitamin B6 may reduce the risk of endometriosis.14 The role of 
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nutritional factors in inflammation and immune regulation is also increasingly recognized. Studies have found that certain 
dietary nutrients have both acute and long-term regulatory effects on inflammation.15 Choline, as an essential nutrient 
with a recommended daily intake of 0.425 g/day for women, is crucial for methylation support, neurotransmitter 
synthesis, and cell membrane integrity.16–18 Additionally, it plays a key role in inflammation and immune regulation.19 

Its metabolites (such as acetylcholine and betaine) can modulate macrophage activation and cytokine secretion, influen
cing the host’s immune response to infections.20,21 The relationship between choline consumption and PID susceptibility 
and clinical outcomes has yet to be fully elucidated.

Based on data from NHANES 2013–2018, this study intends to investigate the association between choline 
consumption and PID, while exploring potential mechanisms through which choline may influence PID pathogenesis 
by modulating immune microenvironments or the gut microbiota-reproductive tract axis. The findings may provide novel 
scientific evidence for PID prevention and nutritional intervention strategies.

Methods
Research Design and Subjects
This study analyzed data from the 2013–2018 NHANES, a nationally representative cross-sectional assessment of 
health and nutritional status conducted by the CDC’s National Center for Health Statistics (NCHS). NHANES employs 
standardized interviews, physical examinations, and laboratory tests, with all participants providing written informed 
consent.

The initial sample comprised 29,400 individuals across three survey cycles. Exclusion criteria were applied 
sequentially: participants with missing PID data (n = 29,008) or incomplete dietary records (n = 852) were first 
removed. Further exclusions were made for missing covariate data, including education level (n = 346), poverty- 
income ratio (n = 340), body mass index (n = 20), hypertension status (n = 2), and vigorous physical activity (n = 1). 
After these exclusions, the final analytical sample consisted of 3204 participants (Figure 1).

Assessment of Choline Intake
Choline intake was assessed using two 24-hour dietary recall interviews. The first interview was conducted in person at 
the Mobile Examination Centers (MEC), followed by a telephone interview 3–10 days later. The average of both recalls 
was used to estimate total choline intake.22,23 The choline intake assessed in this study was limited to dietary sources and 
excluded intake from supplements.

Assessment of Pelvic Inflammatory Disease
We diagnosed PID through self-reported responses to the reproductive health questionnaire (variable name: RHQ078). In 
the survey, researchers asked participants whether they had ever received treatment for PID, with the question: “Have 
you ever received treatment for PID?” If participants answered “yes”, it indicated a past PID infection. This diagnostic 
approach has been previously validated for reliability.24,25

Covariates
The analysis adjusted for: demographic characteristics (age, race, education, marital status), socioeconomic indicators 
[poverty income ratio (PIR)], clinical measures [body mass index (BMI), hypertension], lifestyle factors (alcohol use, 
vigorous activity), and reproductive health characteristics (regular period). Variance inflation factor (VIF) analysis 
confirmed all covariates had VIF < 10, indicating no multicollinearity concerns.

Statistical Analysis
Data normality was assessed using the Shapiro–Wilk test prior to applying parametric methods. Normally distributed 
continuous variables are presented as mean ± standard error (SE) and compared with t tests, while non-normal variables 
are summarized as median (interquartile range, IQR) and compared with Mann–Whitney U-tests. Categorical variables 
are expressed as n (%) and compared with chi-square tests.
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Associations between dietary choline intake and PID were evaluated using multivariable logistic regression, 
treating choline both as a continuous variable and in quintiles, with results reported as odds ratios (ORs) and 95% 
confidence intervals (CIs). Three models were constructed: Model 1 (unadjusted); Model 2 (adjusted for age, race, 
education, and marital status); and Model 3 (further adjusted for PIR, BMI, hypertension, alcohol use, vigorous 
activity, regular period, and dietary energy intake). Nonlinearity was examined using restricted cubic splines, and 
potential thresholds were explored using piecewise logistic models. Prespecified subgroup analyses were performed 
with multiplicative interaction terms. As an additional analysis within hypertensive participants, we stratified by 
current antihypertensive medication use and formally tested the choline × medication interaction. All analyses were 
performed using R (version 4.2) and EmpowerStats (version 4.2). A two-sided p < 0.05 was considered statistically 
significant.

Results
Baseline Characteristics of Participants
Table 1 presents demographic and clinical characteristics of the study population. The final analytical cohort comprised 
3204 participants aged 20–59 years (mean age 39.76 ± 11.43 years), including 208 PID cases and 2996 controls. The PID 
patients were older on average, had a higher percentage of non-Hispanic White people, and had a higher BMI than the 
non - PID group. However, they consumed less total energy and dietary choline.

Figure 1 Flow chart for participant inclusion and exclusion. 
Abbreviations: NHANES, National Health and Nutrition Examination Survey; PID, pelvic inflammatory disease; PIR, poverty income ratio; BMI, body mass index.
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Relationships Between Dietary Choline and PID
Multivariable logistic regression analysis was performed to examine the association between choline intake and PID (Table 2). 
When treated as a continuous variable, choline intake was consistently associated with a lower risk of PID across all models. The 
odds ratios (OR) for Models 1, 2, and 3 were 0.17 (95% CI: 0.05–0.57), 0.24 (95% CI: 0.07–0.79), and 0.20 (95% CI: 0.04–0.92), 
respectively, indicating that higher choline consumption was inversely related to PID risk. Each 1 g/day increase in choline intake 
was associated with a significant reduction in PID prevalence. Smoothing curve fitting revealed a nonlinear relationship between 
choline intake and PID (Figure 2). In the quintile analysis, after full adjustment, women in the highest quintile (Q5) had a 45% 
lower risk of PID compared with those in the lowest quintile (Q1) (OR = 0.55, 95% CI: 0.30–0.98, p = 0.044).

Table 1 Demographic and Clinical Characteristics Stratified by Pelvic Inflammatory Disease 
Status

Characteristics Without PID (n = 2996) PID (n = 208) p-value

Age (years) 39.53 ± 11.45 43.14 ± 10.60 < 0.001

Race (n, %) 0.029

Mexican American 427 (14.25) 18 (8.65)
Other Hispanic 302 (10.08) 15 (7.21)

Non-Hispanic White 1186 (39.59) 88 (42.31)

Non-Hispanic Black 656 (21.90) 60 (28.85)
Other Race-Including Multi-Racial 425 (14.19) 27 (12.98)

Education (n, %) 0.199
Below high school 383 (12.78) 34 (16.35)

High school 615 (20.53) 47 (22.60)

Above high school 1998 (66.69) 127 (61.06)
Marital status (n, %) 0.452

Living alone 1274 (42.52) 94 (45.19)

Living with a partner 1722 (57.48) 114 (54.81)
PIR (n, %) < 0.001

Low (≤ 1) 627 (20.93) 57 (27.40)

Medium (> 1, ≤ 3) 1187 (39.62) 103 (49.52)
High (> 3) 1182 (39.45) 48 (23.08)

BMI (n, %) 0.008

Low (≤ 24.9) 926 (30.91) 44 (21.15)
Medium (> 24.9, ≤ 29.9) 714 (23.83) 51 (24.52)

High (> 29.9) 1356 (45.26) 113 (54.33)

Hypertension (n, %) < 0.001
No 2285 (76.27) 126 (60.58)

Yes 711 (23.73) 82 (39.42)

Alcohol use (n, %) < 0.001
No 2728 (91.05) 170 (81.73)

Yes 268 (8.95) 38 (18.27)

Vigorous activity (n, %) 0.077
No 2478 (82.71) 162 (77.88)

Yes 518 (17.29) 46 (22.12)

Regular period (n, %) < 0.001
No 2054 (68.56) 115 (55.29)

Yes 942 (31.44) 93 (44.71)

Total energy intake (kcal/day) 1840.49 ± 650.79 1781.13 ± 625.17 0.202
Total choline intake (g/day) 0.29 ± 0.13 0.26 ± 0.11 0.004

Notes: Continuous variables were tested for normality (Shapiro–Wilk or Kolmogorov–Smirnov). Normally distributed 
data are shown as mean ± SE (t-test), non-normal data as median (IQR) (Mann–Whitney U-test), and categorical variables 
as n (%) (chi-squared test). p < 0.05 was considered significant. 
Abbreviations: PIR, poverty income ratio; BMI, body mass index; PID, pelvic inflammatory disease.
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Subgroup Analysis
We conducted subgroup analyses and tested interactions across demographic and behavioral characteristics (Table 3). 
A significant interaction by hypertension status was observed (p for interaction < 0.05). Among participants with 
hypertension, higher choline intake was associated with lower odds of PID (OR = 0.03, 95% CI: 0.00–0.35); among 
those without hypertension, the association was weaker and not statistically significant (OR = 0.46, 95% CI: 0.08–2.54). 
Stratified restricted cubic spline analyses further suggested a non-linear association in non-hypertensive participants 
(Figure 3).

Table 2 Logistic Regression Analysis of the Association Between Choline and PID

Model 1 Model 2 Model 3

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Total choline intake (g/day) 0.17 (0.05, 0.57) 0.004 0.24 (0.07, 0.79) 0.020 0.20 (0.04, 0.92) 0.038

Q1 (0–0.2) 1.0 1.0 1.0
Q2 (0.2–0.2) 0.77 (0.50, 1.18) 0.231 0.83 (0.54, 1.27) 0.387 0.85 (0.54, 1.33) 0.479

Q3 (0.2–0.3) 0.90 (0.60, 1.35) 0.607 0.93 (0.61, 1.41) 0.730 0.97 (0.61, 1.53) 0.895

Q4 (0.3–0.4) 0.77 (0.51, 1.18) 0.234 0.83 (0.54, 1.28) 0.393 0.85 (0.52, 1.40) 0.530
Q5 (0.4–1.0) 0.50 (0.31, 0.80) 0.004 0.56 (0.35, 0.91) 0.019 0.55 (0.30, 0.98) 0.044

Notes: Model 1: Unadjusted model. Model 2: Adjusted for age, race, educational level, marital status. Model 3: Adjusted for age, race, 
educational level, marital status, PIR, BMI, hypertension, alcohol use, vigorous activity, regular period and dietary energy intake. 
Abbreviations: PID, pelvic inflammatory disease; QR, Odds ratios; Q, quartile.
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Figure 2 Smooth curve fitting between dietary choline intake and PID. The association between dietary choline intake and the probability of PID was modeled using 
restricted cubic spline regression. The red solid line represents the adjusted probability of PID, and the blue bands represent the 95% confidence intervals (CIs). The Y-axis 
displays the probability on a logarithmic scale, while the X-axis shows dietary choline intake (g/day). The model was adjusted for age, race, BMI, PIR, educational level, marital 
status, hypertension, alcohol use, vigorous activity, regular period, and dietary energy intake. 
Abbreviations: PID, pelvic inflammatory disease; PIR, poverty income ratio; BMI, body mass index.
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Additional Analysis in Hypertensive Participants
Among hypertensive participants, we conducted a stratified analysis according to current antihypertensive medica
tion use (BPQ050A: “Now taking prescribed medicine for HBP”) and formally tested the choline × medication 
interaction. Of the hypertensive subgroup, 496 women reported current use of antihypertensive medication, 159 
reported no use, and 138 had missing data. The stratified results were directionally consistent with the main 
analyses, and the interaction term was not statistically significant (p for interaction > 0.05). These findings suggest 
that antihypertensive medication use did not materially modify the observed association between choline intake and 
PID (Table 4).

Threshold Effect Analysis
Threshold analysis indicated a piecewise (threshold) relationship between choline intake and the odds of PID (Table 5). 
The overall model identified a threshold at 0.41 g/day (likelihood-ratio test, p = 0.026). Below this threshold, the 

Table 3 Subgroup Analysis of the Relationship Between Dietary Choline Intake 
and PID

Subgroup OR (95% CI) p for Interaction

Age 0.427

20–32 years 0.42 (0.02, 7.18)

33–45 years 0.07 (0.01, 0.68)
> 45 years 0.36 (0.05, 2.77)

Race 0.487

Mexican American 0.11 (0.00, 7.26)
Other Hispanic 2.77 (0.03, 228.51)

Non-Hispanic White 0.07 (0.01, 0.63)
Non-Hispanic Black 0.52 (0.05, 5.28)

Other Race-Including Multi-Racial 0.15 (0.00, 4.92)

Education 0.754
Below high school 0.43 (0.02, 7.62)

High school 0.10 (0.01, 1.75)

Above high school 0.20 (0.03, 1.20)
Marital status 0.312

Living alone 0.37 (0.05, 2.52)

Living with a partner 0.11 (0.01, 0.76)
Hypertension 0.040

No 0.46 (0.08, 2.54)

Yes 0.03 (0.00, 0.35)
Regular period 0.832

No 0.22 (0.03, 1.37)

Yes 0.17 (0.02, 1.37)
Alcohol use 0.781

No 0.18 (0.03, 0.94)

Yes 0.28 (0.02, 5.14)
Vigorous activity 0.100

No 0.11 (0.02, 0.60)

Yes 1.09 (0.09, 13.36)

Notes: All models were adjusted for age, race, PIR, BMI, educational level, marital status, hyperten
sion, alcohol use, vigorous activity, dietary energy intake, and regular period. Except for the stratifica
tion variables themselves, each subgroup comparison was adjusted for all other covariates. Bold 
indicates statistically significant effect modification (P for interaction < 0.05, two-sided), tested using 
a multiplicative interaction term between the exposure and the stratifying variable in a multivariable 
logistic regression model. 
Abbreviations: PIR, poverty income ratio; BMI, body mass index; PID, pelvic inflammatory disease; 
QR, Odds ratios.

https://doi.org/10.2147/IJWH.S551450                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of Women’s Health 2025:17 3504

Jin et al                                                                                                                                                                               

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



association was not statistically significant (per 0.1 g/day increase: OR = 0.73, 95% CI: 0.10–5.18; p = 0.755). Above the 
threshold, higher intake was associated with a substantial decrease in the odds of PID (per 0.1 g/day increase: OR ≈ 
<0.01, 95% CI: <0.01–0.31; p = 0.019).

Hypertension-stratified analyses (Table 6) suggested a lower threshold among non-hypertensive participants (0.29 g/ 
day; likelihood-ratio test, p = 0.014). In this subgroup, choline showed no significant association at intakes below 0.29 g/ 
day (OR = 16.87, 95% CI: 0.40–713.20; p = 0.139), whereas at or above the threshold, a stronger protective association 
was observed (OR = 0.02, 95% CI: <0.01–0.52; p = 0.018), suggesting that a minimum intake level may be required 
before a preventive effect is evident.
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Figure 3 Smooth curve fitting of dietary choline intake in relation to PID stratified by hypertension status. The association between dietary choline intake and the 
probability of developing pelvic inflammatory disease (PID) stratified by hypertension status, modeled using restricted cubic spline regression. The blue solid line represents 
participants with hypertension, and the red solid line represents those without hypertension. The Y-axis displays the probability on a logarithmic scale, and the X-axis shows 
dietary choline intake (g/day). The model was adjusted for age, race, BMI, PIR, educational level, marital status, alcohol use, vigorous activity, regular period, and dietary 
energy intake. 
Abbreviations: PID, pelvic inflammatory disease; PIR, poverty income ratio; BMI, body mass index.

Table 4 Association Between Dietary Choline Intake and PID Among 
Hypertensive Participants, Stratified by Antihypertensive Medication Use

Antihypertensive 
Medication Use

n OR (95% CI) p for Interaction

0.790
No 159 0.06 (0.00, 24.28)

Yes 496 0.13 (0.01, 3.25)

Notes: Analyses were adjusted for age, race, education, marital status, PIR, BMI, alcohol use, 
vigorous activity, regular period, and dietary energy intake. Participants with missing informa
tion on antihypertensive medication use (n=138) were excluded. 
Abbreviations: PIR, poverty income ratio; BMI, body mass index; PID, pelvic inflammatory 
disease; QR, Odds ratios.
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Discussion
Multivariable-adjusted logistic regression revealed a significant inverse association between dietary choline consumption 
and PID risk (p < 0.05), which persisted after comprehensive covariate adjustment. The results from the smooth curve 
fitting further validated this negative relationship. Notably, blood pressure status emerged as a significant effect modifier 
(interaction p < 0.05), with distinct patterns observed between hypertensive and non-hypertensive subgroups. The smooth 
curve fitting results stratified by blood pressure revealed a threshold-like (piecewise) relationship between the two in the 
non-hypertensive population. Threshold analysis determined an overall choline intake inflection point at 0.41 g/day, with 
normotensive subjects showing a lower threshold of 0.29 g/day.

This groundbreaking study establishes the first evidence base for the choline - PID relationship, an association never 
before examined in epidemiological or mechanistic research. Therefore, we attempt to review and analyze the existing 
literature to explain the possible mechanisms. Choline, as a precursor of anti-inflammatory metabolites such as acetylcho
line, may reduce the release of pro-inflammatory cytokines (eg, TNF-α, IL-6) through cholinergic anti-inflammatory 
pathways, including the vagus nerve–immune regulatory axis, thereby lowering the risk of pelvic inflammatory disease 
(PID).26–28 In daily diets, eggs, red meat, milk, and cheese are among the richest sources of choline.29 Previous studies 
have shown that individuals with higher intakes of choline and betaine tend to have lower levels of inflammatory 
markers, such as C-reactive protein, homocysteine, IL-6, and TNF-α.17 Animal experiments have also confirmed that 
a high-choline diet can reduce inflammatory damage in mice with bacterial peritonitis.30 Furthermore, acetylcholine can 
activate the nAChR/ERK pathway to promote the secretion of IL-10 from monocytic-derived suppressive granulocytes 
(M-MDSCs), thus inhibiting inflammation.31 The choline metabolite betaine can enhance the expression of intestinal 
tight junction proteins and inhibit inflammatory pathways, directly protecting the intestinal mucosal barrier function.32 At 
the same time, betaine increases the abundance of beneficial gut microbiota (such as bifidobacteria and lactobacilli),33,34 

Table 6 Threshold Effect Analysis of Choline Intake (g/Day) on PID 
Using the Two-Piecewise Linear Regression Model

Dietary Choline Intake (g/day) Adjusted OR (95% CI) p value

Without hypertension
Fitting by the 2-piecewise linear model

Inflection point 0.29

Dietary choline intake < 0.29 g/day 16.87 (0.40, 713.20) 0.139
Dietary choline intake > 0.29 g/day 0.02 (0.00, 0.52) 0.018

Log likehood ratio 0.014

Notes: Age, race, BMI, PIR, educational level, marital status, alcohol use, regular period, 
vigorous activity, dietary energy intake were adjusted. 
Abbreviations: PID, pelvic inflammatory disease; QR, Odds ratios.

Table 5 Analysis of Threshold and Saturation Effects Between Dietary 
Choline Intake and PID

Dietary Choline Intake (g/day) Adjusted OR (95% CI) p value

Fitting by the 2-piecewise linear model

Inflection point 0.41

Dietary choline intake < 0.41 g/day 0.73 (0.10, 5.18) 0.755
Dietary choline intake > 0.41 g/day 0.00 (0.00, 0.31) 0.019

Log likehood ratio 0.026

Notes: Age, race, BMI, PIR, educational level, marital status, hypertension, alcohol use, 
regular period, vigorous activity, dietary energy intake were adjusted. 
Abbreviations: PID, pelvic inflammatory disease; QR, Odds ratios.
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while choline deficiency may lead to intestinal barrier disruption and dysbiosis.35,36 These mechanisms may collectively 
contribute to intestinal immune dysregulation, potentially serving as underlying triggers or aggravating factors for PID.

Our findings further suggest that blood pressure status may modify the association between choline intake and PID. 
Among hypertensive individuals, higher choline consumption was associated with markedly lower odds of PID (OR = 
0.03, 95% CI: 0.00–0.35). A plausible explanation is that choline’s anti-inflammatory properties may alleviate hyperten
sion-related chronic low-grade inflammation and endothelial dysfunction.37–40 In contrast, non-hypertensive participants 
exhibited a nonlinear dose–response relationship, with significant risk reduction only when choline intake exceeded the 
threshold of 0.29 g/day, suggesting a minimum requirement for protective effects. To further examine the potential 
influence of medication, an additional sensitivity analysis restricted to hypertensive participants and stratified by current 
antihypertensive use (BPQ050A) found no significant interaction, with directionally consistent estimates across strata. 
These findings suggest that the observed association is unlikely to be driven by medication use.

This study presents several notable strengths. First, the use of a large, nationally representative sample from the 
NHANES database (n = 3204) enhances the generalizability and statistical power of the findings. Second, the application 
of multivariable models adjusting for a wide range of demographic, lifestyle, and clinical covariates improves the 
robustness of the observed associations. Third, the use of restricted cubic spline models and subgroup analyses allows for 
a more comprehensive exploration of potential nonlinear relationships and effect modifications.

Several limitations should be acknowledged. First, the cross-sectional design limits causal inference between dietary 
choline intake and PID. Second, residual confounding cannot be excluded due to unmeasured factors such as genetic 
predisposition, detailed sexual behaviors, and environmental exposures. Third, both choline intake and PID status were 
self-reported, which may introduce recall bias and misclassification despite standardized questionnaires; moreover, 
NHANES does not collect information on PID treatment history, which could improve diagnostic accuracy. Fourth, 
laboratory biomarkers (eg, plasma choline, TNF-α, IL-6) were unavailable in these survey cycles, precluding direct 
assessment of anti-inflammatory pathways. Fifth, dietary data were obtained from two 24-hour recalls and did not capture 
choline from dietary supplements, potentially underestimating total exposure and failing to fully reflect habitual intake. 
Sixth, although NHANES collects information on prescription medication use, including antihypertensive therapy, these 
data are self-reported, lack details on drug class, dose, duration, and adherence, and contain substantial missing values. 
To avoid overstratification, antihypertensive medication was not included in the primary models. In a hypertension- 
restricted additional analysis stratified by current medication use (BPQ050A), the interaction was not statistically 
significant and estimates were directionally consistent with the main results; nonetheless, class-specific drug effects 
and residual confounding cannot be entirely excluded. Finally, as NHANES represents the US noninstitutionalized 
population, generalizability to other settings with different dietary patterns and health-care access may be limited. 
Prospective studies with detailed biomarker and medication data are warranted to validate these associations and clarify 
causal mechanisms.

Conclusion
Higher dietary choline intake (> 0.41 g/day) was associated with a lower prevalence of PID, suggesting that adequate 
choline consumption may contribute to prevention in women at risk. Given the limitations of this cross-sectional design, 
these findings should be interpreted with caution, and prospective studies are needed to confirm causality and elucidate 
underlying mechanisms.
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