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Objective: Pelvic inflammatory disease (PID) is a prevalent gynecological disorder. Dietary trace minerals play an important role in combating many chronic diseases including PID. However, it is unknown whether dietary trace minerals and PID are related. This study aimed to examine the relationship between dietary trace minerals (copper, iron, selenium, and zinc) and PID.

Methods: Data of women participants from the National Health and Nutrition Examination Survey (NHANES) 2015–2018 were enrolled in this cross-sectional investigation. Univariate and multivariate linear regression analyses of the relationship between dietary trace minerals and PID were performed, and restricted cubic spline (RCS) analyses were applied to visualize those relationships.

Results: In total, 2,694 women between the ages of 20 and 59 years participated in the two NHANES cycles. In the univariate analyses, a significant negative relationship was identified between PID and dietary copper intake [odds ratio (OR) = 0.40, 95% confidence interval (CI): 0.24–0.67, p < 0.01] but not with iron (OR = 0.96, 95% CI: 0.90–1.03, p = 0.25), selenium (OR = 1.0, 95% CI: 0.99–1.0, p = 0.23), and zinc (OR = 0.94, 95% CI: 0.86–1.03, p = 0.17) intake. Following the adjustment for age and race (model 1), a robust correlation was found between dietary copper intake and PID (OR = 0.23, 95% CI = 0.09–0.61, p < 0.01), as indicated by the fully adjusted model 2 (OR = 0.29, 95% CI = 0.09–0.90, p = 0.03). Simultaneously, a significant trend was found between copper intake and PID across the quintile subgroups (p for trends <0.05), suggesting a robust relationship. Furthermore, the RCS analysis demonstrated a linear correlation between PID and dietary copper intake (overall p < 0.01, non-linear p = 0.09).

Conclusion: Decreased dietary copper intakes are linked to PID. However, additional research is needed to fully investigate this relationship due to the constraints of the study design.
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1 Introduction

Pelvic inflammatory disease (PID) is a polymicrobial infection that generally occurs in the women’s genital tract and often leads to the impairment of the endometrium, oviduct, and ovaries (1). The clinical manifestations of PID include long-term infertility, extrauterine pregnancies, and chronic pelvic pain (2). The cause of PID is associated with many factors, including race, age, and smoking status (3). Young people and African or Caucasian people are especially prone to PID (4). A study has estimated that 4 to 12% of women of reproductive age have PID worldwide (5). However, few studies on the epidemiological trends of PID among different areas of the world have been conducted due to challenges with the invasiveness and sensitivity of screening methods (6). In the United States, approximately 0.5 to 1 million cases of PID develop annually, and the average cost is up to $3,025 per episode for PID therapy (7, 8). At the same time, the majority of PID patients are prone to experience disease recurrence, resulting in additional burdens on society and healthcare systems (9). Hence, it is crucial to examine the risk factors associated with PID to enable early intervention.

Diets enriched with antioxidants (fruit and vegetables), vitamins (vitamins B6, A, C, E), and macronutrients (n-3 fatty acids) improve immune system functioning and eliminate free radical damage, which can help control chronic pelvic pain, including PID (10). Although trace minerals account for only a small part of the diet, they are essential to ensure normal function and health, and the excessive or inadequate consumption of trace elements is detrimental to the inherent metabolic balance of the body (11). Trace elements, including copper, iron, selenium, and zinc, are vital for maintaining metabolic balance, especially in cell function, DNA repair, and antioxidant defense (12). Previous studies have indicated that dietary trace minerals have powerful regulatory effects on the oxidative activation of protein kinase C, prostaglandin synthesis, and Ca2+ receptors which, in turn, increase chronic pain intensity (13). A study has revealed that copper is closely related to inflammatory responses in many chronic diseases, such as metabolic disorders and cancer (14). Additional studies have illustrated that the intake of dietary copper and selenium is linked to many diseases including gynecological tumors and metabolic syndrome (15–17). Meanwhile, dietary intake of iron and zinc was found to be negatively correlated with fibromyalgia, characterized by widespread muscle soreness, and other chronic symptoms such as fatigue, anxiety, and depression (18). However, the relationship between dietary trace elements and PID is not fully understood.

To this end, using data from the NHANES, the current study aimed to determine if dietary trace elements and PID were correlated after controlling for covariates.



2 Methods


2.1 Study design and participants

Based on the large sample size of the NHANES, data from 2015 to 2018 (two cycles: 2015–2016 and 2017–2018) before the coronavirus disease in 2019 were selected for analysis. Since PID occurs in women’s genital tracts, only females were recruited. All women participants were initially interviewed at home using the sample person and family demographics questionnaires, followed by either another interview or health examination at a mobile examination center (MEC). During these MEC examinations, participants were screened for direct anthropometrics, height, weight, blood draws, and various other health-related tests (19). Before the study, all subjects provided written informed consent, and no external ethical approval was needed since the research was approved by the National Center for Health Statistics Ethics Review Board (https://www.cdc.gov/nchs/nhanes/irba98.htm, continuation of protocol #2011–17, protocol #2018–01). The analysis only included women participants whose data were complete. We excluded 15,749 participants with missing PID, 167 with missing dietary trace minerals, and 615 missing covariates from the 19,225 eligible individuals. This research eventually included 2,694 individuals aged 20–59 years from the entire US population. The original NHANES study was a random sampling trial, and our research adopted a cross-sectional method based on the NHANES database. The women’s selection scheme is shown in Figure 1. At the same time, our study was weighted to allow the representation of the entire population in the US.

[image: Figure 1]

FIGURE 1
 Screening procedure flowchart (NHANES 2015–2018).




2.2 Measurement of PID

Based on a self-reported questionnaire of reproductive health, the diagnosis of PID was ascertained at the MEC by trained interviewers who used the built-in Computer-Assisted Personal Interview (CAPI) system, which enquired, ‘Have you ever been treated for an infection in the fallopian tubes, uterus, or ovaries, also called a pelvic infection, pelvic inflammatory disease, or PID?’. A “PID group” was formed from participants who replied “yes” whereas a “without PID group” was formed from those who answered “no” (20).



2.3 Measurement of dietary trace minerals

The dietary intake data was acquired at the MEC through standard dietary interviews, called What We Eat in America (WWEIA), and types and amounts of food and beverages consumed during the 24-h period immediately prior to the interview were obtained. WWEIA interviews were randomly allocated to the participants on the day of the interview. Before they could start working independently in the MEC, all dietary interviewers were asked to complete a standardized training course and engage in practice interviews under supervision. Finally, the daily total intakes of trace minerals (copper, iron, selenium, and zinc) from foods and beverages were then collated to obtain daily trace intake data. By using the recommended dietary allowance (RDA) in women (0.9 mg/day for copper, 18 mg/day for iron, 55 mcg/day for selenium, and 11 mg/day for zinc) (21), values of dietary trace minerals over 10-fold of the RDA were excluded as outliers.



2.4 Assessment of covariates

Based on related studies (20, 22), regular period, democratic data (race, education level, age, marital status, and poverty), BMI, smoking status, diabetes mellitus (DM), and hypertension were treated as covariates. Regular period data were assessed through the reproductive health questionnaire that asked, ‘Had regular periods in past 12 months (eligible for participants aged 12 years older)?’, and women who were pregnant or who had bleeding as result of medical issues, hormonal treatments, or surgical procedures were excluded. The CAPI method was used to collect information from in-depth interviews with participants in their homes conducted by trained interviewers. Participants in the survey answered these questions using hand cards depicting response options or information. The interviewer directed the respondent to the appropriate hand card during the interview, and the complete data of democratic covariates was obtained. Educational levels were classified as lower than high school, high school, and college, whereas marital status was classified as married, spinsterhood, divorced/separated, or widowed. Subsequently, the poverty income ratio (PIR) was divided into three groups: low (≤ 1), medium (1–3), and high (> 3) (22). The data of weight and height were obtained electronically from the measuring devices to minimize potential data entry errors, and the individual’s body mass index (BMI) was obtained using the formula BMI = weight (kg)/height (m2). After that, BMI was categorized into: obese (≥ 30.0 kg/m2), overweight (25–29.9 kg/m2), normal weight (18.5–24.9 kg/m2), and underweight (< 18.5 kg/m2) (23). The CAPI system was used to conduct in-home interviews by trained interviewers who administered a “smoking-cigarette usage” questionnaire to determine whether respondents smoked and then assigned to three classes of smoking status: never (no more than 100 cigarettes in whole life), former (over 100 cigarettes in whole life and quit smoking right now), and now (over 100 cigarettes in whole life and smoke some days or every day). After resting for at least 5 minutes, the blood pressure of participants was measured three consecutive times. Repeated attempts were made to measure blood pressure if the first one was incomplete or interrupted. All systolic and diastolic blood pressure measurements were performed in the MEC, and hypertension was diagnosed based on the threshold of systolic/diastolic blood pressure at 140/90 mmHg. Blood specimens were processed, stored, and shipped to a specific site for testing the glucose. Women’s DM condition was classified as no DM, pre-DM (impaired glucose tolerance (IGT), impaired fasting glucose (IFG), or combined IFG and IGT), and DM (24).



2.5 Statistical analysis

R (v4.2.1) and R Studio (v2022.07.1) were employed to analyze statistical data. Dietary weights were adopted to ensure the rigor and accuracy of the study under the least common denominator strategy of sampling weight guidance of the NHANES. Categorical variables are presented as proportions (n) and percentages (%), whereas continuous variables are presented as mean and standard error (SE). Categorical and continuous characteristics were analyzed using the chi-squared tests and t-tests, respectively. To verify the correlation between dietary trace minerals and PID, dietary trace minerals that were shown to be statistically significant in univariate logistic regression analysis were then subjected to multivariate logistic regression analyses. Adjustments for age and race were made to Model 1, whereas adjustments for all other covariates were made to Model 2 (regular period, demographics, BMI, smoking status, hypertension, and DM). Subsequently, restricted cubic splines (RCS) were adopted to assess the linear and non-linear associations, and these relationships were tested using quintile logistic regression analyses. Subgroup analyses and interaction tests were conducted to evaluate potential interactions, and RCS was administered to determine how dietary trace minerals correlated with PID after stratification of meaningful interaction terms. The criterion for statistical significance was established at a two-tailed p-value <0.05.




3 Results


3.1 Description of participants

According to the study’s eligibility criteria, 2,694 female participants were enrolled, and the average age of the participants was 40 ± 0.4 years. Among these participants, 32.67% were non-Hispanic white, 23.01% were non-Hispanic black, 16.82% were Mexican American, and 27.51% were from other races. There were 2,529 (93.88%) participants without PID and 165 (6.12%) with PID. A detailed description of the women participants is provided in Table 1. Of those individuals with PID, the weighted mean concentration of dietary trace minerals was 0.95 mg/day (copper), 10.96 mg/day (iron), 89.9 mg/day (selenium), and 8.30 mg/day (zinc), respectively. There were 56 (54.79%) participants who were Non-Hispanic White, 96 (57.39%) had a college education, and 131 (86.8%) participants without diabetes. Participants with PID were more likely to have the following characteristics relative to those without the disorder: a lower copper intake (p < 0.01), irregular period (p < 0.01), older age (p < 0.01), non-married status (p < 0.01), better economic situation (p < 0.01), obesity or overweight (p < 0.01), history of no or current smoking status (p < 0.01), and hypertension (p < 0.01).



TABLE 1 Characteristics of the women participants [mean and standard errors (SE); proportions (n) and percentage (%)].
[image: Table1]



3.2 PID correlation with dietary trace minerals

The correlation between dietary copper intake and PID was substantially negative, as indicated in Table 2 (OR = 0.40, 95% CI: 0.24–0.67), whereas the same trend was not significant in iron (OR = 0.96, 95% CI: 0.90–1.03), selenium (OR = 1.0, 95% CI: 0.99–1.0), and zinc (OR = 0.94, 95% CI: 0.86–1.03). The correlation between dietary copper intake and PID was negative in a univariate analysis. Hence, multivariate logistic regression was used to delve deeper into the correlation between copper and PID. Dietary copper intake was shown to be significantly correlated with PID after adjusting for age and race (model 1) (OR = 0.41, 95% CI = 0.23–0.70). This association remained consistent in model 2 (OR = 0.51, 95% CI = 0.28–0.90) after adjusting for all covariates.



TABLE 2 Weighted univariate logistic analyses between dietary trace minerals and PID (odds ratios, 95% confidence intervals).
[image: Table2]



3.3 Relationship between PID and various quintiles of dietary copper intake

When divided into quintiles (Table 3), the quintile of copper intake (Q5 > 1.49 mg/day) served a protective role in PID, regardless of the unadjusted or adjusted models (crude model: OR = 0.23, 95% CI = 0.09–0.58; model 1: OR = 0.23, 95% CI = 0.09–0.61; model 2: OR = 0.29, 95% CI = 0.09–0.90). Simultaneously, a significant trend was observed between copper intake and PID across the quintile subgroups (p for trend <0.05), suggesting the robustness of this relationship. To visualize the correlation between dietary copper intake and PID, an RCS plot was generated (Figure 2), demonstrating an approximately linear correlation between the two variables (overall p-value <0.01, non-linear p-value = 0.09).



TABLE 3 Weighted multivariate logistic analyses between quintiles of dietary copper intake and PID (odds ratios, 95% confidence intervals).
[image: Table3]
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FIGURE 2
 The RCS between dietary copper intake and the risk for PID.




3.4 Subgroup analysis

To reduce heterogeneity, subgroup analyses were conducted, and the interaction between covariates and dietary copper intake was further examined (Figure 3). Here, nearly all ORs in the subgroup were lower than one except for the women participants in the underweight group, indicating a consistent negative relationship between copper intake and PID. Copper intake was positively related to PID in the underweight subgroup (OR = 1.61, 95% CI = 0.81–3.19), although without a statistically significant difference (p = 0.15). Interaction effects were also shown to be statistically significant for age (p for interaction = 0.01) and BMI (p for interaction = 0.01). To investigate the influence of meaningful interactions, RCS was conducted for better visualization in model 2 (all covariates were adjusted except for the grouping variable) (Figures 4, 5). Age-stratified analyses revealed a parabolic association between PID and copper intake (overall p value = 0.137, non-linear p value <0.05). In the age subgroup of 20–40 years old, the correlation between dietary copper intake and PID increased before the 1.19 mg/day point and then decreased gradually. In contrast, in the 41–59-year-old subgroup, a linear pattern of correlation was observed between dietary copper intake and PID (overall p-value <0.01, non-linear p-value = 0.13). After stratifying by BMI, copper intake was shown to significantly correlate with PID in the overweight subgroup (overall p-value = 0.01, non-linear p-value <0.01). The association between dietary copper intake and PID remained relatively stable until around 0.85 mg/day and then decreased rapidly. However, no significant p-values were observed in the underweight (overall p-value = 1.0, non-linear p-value = 0.99), normal weight (overall p-value = 0.17, non-linear p-value = 0.81), or obese subgroups (overall p-valuep = 0.92, non-linear p-value = 0.80).

[image: Figure 3]

FIGURE 3
 Subgroup analysis between dietary copper intake and the risk for PID.
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FIGURE 4
 The RCS between dietary copper intake and the risk for PID in age-stratified subgroups (adjusted for all covariates except age).


[image: Figure 5]

FIGURE 5
 The RCS between dietary copper intake and the risk for PID in BMI stratified subgroup (adjusted for all covariates except BMI). (A) subgroup of underweight; (B) subgroup of normal weight; (C) subgroup of obesity; (D) subgroup of overweight.





4 Discussion

PID is a chronic and recurrent disease that significantly impacts the well-being of patients, causing considerable suffering. Until now, few studies have been done on the dietary recommendations for women with PID. This is the first research to our knowledge to investigate the link between PID and dietary trace minerals. Based on the large sample size of the NHANES, dietary copper intake was shown to exhibit a significant negative linear relationship with PID; however, no difference was found in the correlation between other trace minerals (iron, selenium, and zinc) and PID. In addition, we found that age and BMI may have meaningful interactions between copper intake and PID. In the younger age subgroup, the relationship exhibited a curved pattern; however, in the older age subgroup, it showed a straight line. Similarly, a curved relationship was observed in the overweight subgroup.

Currently, dietary iron intake is mainly focused on pregnancy and anemia among women (25, 26). However, it has been shown that dietary iron intake exhibited no relationship with non-pregnancy diseases such as gynecological cancers (15). In our study, dietary iron intake was not significantly different between the PID and non-PID groups, as supported by insignificant results from logistic regression analysis. Selenium is now recognized as an important trace nutrient with anti-inflammatory function (27). Compared with the control group, in men, selenium supplementation improved inflammatory parameters (28). No significant link was found between selenium in the diet and PID in this study, which may be explained by sex differences and disease-specific factors. Zinc deficiency is closely related to an increased risk to pregnancy health because of its vital role in some enzymatic reactions (29), and bone mineral density is associated with zinc intake in a positive manner (30). However, in the present study, univariate analysis of dietary zinc intake and PID showed no significant relationship, suggesting avenues for future research. Compared to non-pregnant women, the urine levels of trace element silicon in pregnant women were higher, which might be accounted for by the differences in the gastrointestinal tract, kidney excretion, and metabolism in pregnant women (31). The trace elements metabolism also changed between gestational weeks (32). Consequently, as a non-pregnancy disease, PID might not be easily susceptible to changes in common trace elements.

Copper performs an integral function in the secretion of inflammatory products and is linked to many inflammatory diseases by regulating the nuclear factor kappa-B and mitogen-activated protein kinase pathways (14). Another study has shown that copper is capable of activating nicotinamide adenine dinucleotide phosphate hydrogen in mitochondria, thus mediating metabolic and epigenetic processes toward the inflammatory state (33). The dietary copper intake was demonstrated to be correlated with inflammatory disorders and serum estradiol levels in women (34, 35). Adequate copper intake is vital to maintain the antioxidant capacity of the body (36). Although, to our knowledge, no study has been conducted on dietary copper intake and PID, evidence has shown that using non-hormonal copper-containing intrauterine devices could effectively decrease pelvic pain, which highlights the importance of the copper mechanism in PID (37). Our data showed a consistent negative linear correlation between copper intake and PID, which remained stable across different models. Our findings imply that copper intake can aid in the fight against PID, which may contribute to its regulatory role in inflammation. However, a key consideration is that excessive copper intake may be harmful to health. Therefore, future research is needed to determine the specific turning points of copper intake that are effective in preventing and managing PID.

Age and body weight were independently associated with pelvic disease, especially in older and obese women (38). In our study, age and BMI covariates were identified as interaction terms between copper intake and PID. In the younger age group, it appears that adequate copper intake (>1.19 mg/day), which exceeds the RDA, may have a protective effect against PID. However, in the older age group, the relationship between copper intake and PID is assumed to be linear from the beginning of copper intake. According to a disease burden analysis, women younger than 25 years old had a higher rate of PID than older women (39). Young women may be more susceptible to the modulatory effects of high estrogen and progesterone levels, which in turn makes them less susceptible to the influence of copper intake. Among the different BMI subgroups, only the overweight participants showed a significant non-linear relationship between copper intake and PID, while no significant correlations were found in other BMI subgroups. Although there was an initially positive correlation between copper intake and PID in the underweight subgroup, this relationship disappeared in the subsequent multivariate RCS, which could be due to the presence of confounding variables. Before reaching a copper intake of 0.85 mg/day (close to the RDA), the link between copper intake and PID in the overweight subgroup (≥30.0 kg/m2) was flat and decreased rapidly when the RDA of copper was reached. A retrospective study has shown that obese PID patients were identified to be associated with an unfavorable clinical course (9). Thus, adequate copper intake may become even more important for older and overweight women with PID. Poultry was considered a valuable food for its abundance of minerals (specifically iron, zinc, and copper) and moderate energy (40). Therefore, intake of a certain amount of meat rich in copper may be beneficial for women with PID. However, the trace minerals consumed are not equivalent to the actual uptake of minerals, and the absorption efficiency may also be a critical factor. Before being absorbed, dietary copper (Cu2+) was first reduced to cuprous copper, then absorbed by the intestinal epithelial cells, and finally transported to the liver for processing and activation (41). Thus, people with gastrointestinal disease or liver diseases may present a low absorption efficiency of dietary copper. Furthermore, copper imbalance was associated with liver pathological features, including oxidative stress and mitochondrial dysfunction, which in turn affect the copper absorption efficiency (42). Hence, future studies on dietary copper absorption efficiency and PID will be required to apply our findings to real-world situations.

To our knowledge, our research is the first to investigate whether PID is linked to dietary trace minerals. A significant negative relationship between PID and dietary copper intake was identified, though not in iron, selenium, and zinc. Additionally, multiple linear regression was used to verify the solid relationship between dietary copper intake and PID after adjusting for several covariates. Our study may have important implications regarding the setting of recommended dietary copper intake for women with PID. However, there were several limitations to this research. To begin with, this was a cross-sectional study; therefore, no causal relationship could be determined based on the accurate dietary trace intake recommendation for women with PID. Second, the diagnostic nature of the PID questionnaire inevitably introduced some degree of selection bias. Thirdly, although efforts were made to incorporate related confounding factors, we were unable to address all confounders. Finally, sampling errors inherent in the NHANES data cannot be ruled out. Given these limitations, large prospective cohort studies are necessary to validate the link between dietary copper intake and determine the recommended intake of dietary trace minerals for women with PID.



5 Conclusion

Overall, our study suggested that decreased dietary copper intakes are linked to PID. However, no significant link was found for other dietary trace minerals (iron, selenium, and zinc). To confirm our findings, more large-scale prospective investigations are needed.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving humans were approved by National Center for Health Statistics Ethics Review Board gave approval for the project (https://www.cdc.gov/nchs/nhanes/irba98.htm). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

PH: Writing – original draft. SM: Conceptualization, Writing – original draft. HL: Data curation, Conceptualization, Writing – review & editing. XY: Data curation, Formal analysis, Software, Writing – review & editing. XZ: Conceptualization, Data curation, Supervision, Writing – review & editing. QZ: Supervision, Funding acquisition, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The investigation was supported by the National Natural Science Research Fund of China (grant no. 82305283 and 82305284), and the Shanghai Committee of Science and Technology (23S21900400), and the Fifth Batch of National TCM Clinical Outstanding Talents Training Program (National TCM Personnel Education Letter (2022) No. 1).



Acknowledgments

The authors thank all NHANES participants, staff, and investigators. We thank Zhang Jing (Shanghai Tongren Hospital) for his ‘nhanesR’ assistance with the NHANES database. We also thank Bullet Edits Limited for the linguistic editing and proofreading of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Curry, A, Williams, T, and Penny, ML. Pelvic inflammatory disease: diagnosis, management, and prevention. Am Fam Physician. (2019) 100:357–64.

 2. Brunham, RC, Gottlieb, SL, and Paavonen, J. Pelvic inflammatory disease. N Engl J Med. (2015) 372:2039–48. doi: 10.1056/NEJMra1411426


 3. Beigi, RH, and Wiesenfeld, HC. Pelvic inflammatory disease: new diagnostic criteria and treatment. Obstet Gynecol Clin N Am. (2003) 30:777–93. doi: 10.1016/s0889-8545(03)00088-3


 4. Kreisel, KM, Llata, E, Haderxhanaj, L, Pearson, WS, Tao, G, Wiesenfeld, HC , et al. The burden of and trends in pelvic inflammatory disease in the United States, 2006-2016. J Infect Dis. (2021) 224:S103–12. doi: 10.1093/infdis/jiaa771 

 5. Savaris, RF, Fuhrich, DG, Maissiat, J, Duarte, RV, and Ross, J. Antibiotic therapy for pelvic inflammatory disease. Cochrane Database Syst Rev. (2020) 8:CD010285. doi: 10.1002/14651858.CD010285.pub3 

 6. Bittleston, H, Hocking, JS, Goller, JL, Coombe, J, Bateson, D, Sweeney, S , et al. Is there a place for a molecular diagnostic test for pelvic inflammatory disease in primary care? An exploratory qualitative study. PLoS One. (2022) 17:e0274666. doi: 10.1371/journal.pone.0274666 

 7. Greydanus, DE, Cabral, MD, and Patel, DR. Pelvic inflammatory disease in the adolescent and young adult: an update. Dis Mon. (2022) 68:101287. doi: 10.1016/j.disamonth.2021.101287 

 8. Trent, M, Ellen, JM, and Frick, KD. Estimating the direct costs of pelvic inflammatory disease in adolescents: a within-system analysis. Sex Transm Dis. (2011) 38:326–8. doi: 10.1097/OLQ.0b013e3181fc6c65 

 9. Matsuda, N, Jwa, SC, Tamura, S, Suzuki, H, Takamura, M, Namba, A , et al. Factors associated with an unfavorable clinical course in hospitalized patients with pelvic inflammatory disease: a retrospective cohort study of 117 patients from a Japanese academic institution. BMC Womens Health. (2022) 22:348. doi: 10.1186/s12905-022-01925-5 

 10. Sesti, F, Capozzolo, T, Pietropolli, A, Collalti, M, Bollea, MR, and Piccione, E. Dietary therapy: a new strategy for Management of Chronic Pelvic Pain. Nutr Res Rev. (2011) 24:31–8. doi: 10.1017/s0954422410000272 

 11. Tako, E
. Dietary trace minerals. Nutrients. (2019) 11:2823. doi: 10.3390/nu11112823 

 12. Li, S, Sun, W, and Zhang, D. Association of Zinc, Iron, copper, and selenium intakes with low cognitive performance in older adults: a cross-sectional Study from National Health and nutrition examination survey (Nhanes). J Alzheimers Dis. (2019) 72:1145–57. doi: 10.3233/jad-190263 

 13. Bjørklund, G, Aaseth, J, Doşa, MD, Pivina, L, Dadar, M, Pen, JJ , et al. Does diet play a role in reducing nociception related to inflammation and chronic pain? Nutrition. (2019) 66:153–65. doi: 10.1016/j.nut.2019.04.007


 14. Deng, H, Zhu, S, Yang, H, Cui, H, Guo, H, Deng, J , et al. The dysregulation of inflammatory pathways triggered by copper exposure. Biol Trace Elem Res. (2023) 201:539–48. doi: 10.1007/s12011-022-03171-0 

 15. Zhu, G, Li, Z, Tang, L, Shen, M, Zhou, Z, Wei, Y , et al. Associations of dietary intakes with gynecological cancers: findings from a cross-sectional study. Nutrients. (2022) 14:14. doi: 10.3390/nu14235026 

 16. Qu, R, Jia, Y, Liu, J, Jin, S, Han, T, and Na, L. Dietary flavonoids, copper intake, and risk of metabolic syndrome in Chinese adults. Nutrients. (2018) 10:991. doi: 10.3390/nu10080991 

 17. Zulet, MA, Puchau, B, Hermsdorff, HH, Navarro, C, and Martínez, JA. Dietary selenium intake is negatively associated with serum sialic acid and metabolic syndrome features in healthy young adults. Nutr Res. (2009) 29:41–8. doi: 10.1016/j.nutres.2008.11.003 

 18. Correa-Rodríguez, M, Rueda-Medina, B, Casas-Barragán, A, Tapia-Haro, RM, Molina, F, and Aguilar-Ferrándiz, ME. Dietary intake assessment, severity of symptoms, and pain in women with fibromyalgia. Clin Nurs Res. (2021) 30:1164–73. doi: 10.1177/10547738211012464 

 19. Yen, FS, Wang, SI, Lin, SY, Chao, YH, and Wei, JC. The impact of heavy alcohol consumption on cognitive impairment in young old and middle old persons. J Transl Med. (2022) 20:155. doi: 10.1186/s12967-022-03353-3 

 20. Huang, T, Cao, R, Liu, P, Liu, J, and Yu, X. The severity of depression is associated with pelvic inflammatory diseases: a cross-sectional study of the United States National Health and nutrition examinations from 2013 to 2018. Front Med. (2022) 9:926351. doi: 10.3389/fmed.2022.926351 

 21. U.S. Department of Health and Human Services and U.S. Department of Agriculture
. 2015–2020 dietary guidelines for Americans. 8th edition. (2022). Available at: https://health.gov/our-work/food-nutrition/previous-dietary-guidelines/2015


 22. Fan, Y, Ni, S, and Zhang, H. Associations of copper intake with bone mineral density and osteoporosis in adults: data from the National Health and nutrition examination survey. Biol Trace Elem Res. (2022) 200:2062–8. doi: 10.1007/s12011-021-02845-5 

 23. Lee, JK, Bettencourt, R, Brenner, D, Le, TA, Barrett-Connor, E, and Loomba, R. Association between serum Interleukin-6 concentrations and mortality in older adults: the rancho Bernardo study. PLoS One. (2012) 7:e34218. doi: 10.1371/journal.pone.0034218 

 24. Chen, X, Hou, C, Yao, L, Ma, Y, Li, Y, Li, J , et al. The association between chronic heart failure and frailty index: a study based on the National Health and nutrition examination survey from 1999 to 2018. Front Cardiovasc Med. (2022) 9:1057587. doi: 10.3389/fcvm.2022.1057587


 25. Asres, AW, Samuel, S, Daga, WB, Tena, A, Alemu, A, Workie, SB , et al. Association between Iron-folic acid supplementation and pregnancy-induced hypertension among pregnant women in public hospitals, Wolaita Sodo, Ethiopia 2021: a case- control study. BMC Public Health. (2023) 23:843. doi: 10.1186/s12889-023-15794-6 

 26. Kim, Y, and Kim, J. Relationship between Anemia and falls among postmenopausal women in Korea. Int J Environ Res Public Health. (2022) 19:8242. doi: 10.3390/ijerph19148242 

 27. Fontenelle, LC, de Paiva, SM, Dos Santos, LR, Cardoso, BEP, de Sousa, TGV, da Cunha, ST , et al. Relationship between selenium nutritional status and markers of low-grade chronic inflammation in obese women. Biol Trace Elem Res. (2023) 201:663–76. doi: 10.1007/s12011-022-03209-3 

 28. Lombardo, F, Fiducia, M, Lunghi, R, Marchetti, L, Palumbo, A, Rizzo, F , et al. Effects of a dietary supplement on chronic pelvic pain syndrome (category Iiia), Leucocytospermia and semen parameters. Andrologia. (2012) 44 Suppl 1:672–8. doi: 10.1111/j.1439-0272.2011.01248.x 

 29. Costa, PR, Carvalho, T, Pitangueira, JCD, Santana, MLP, Kinra, S, and Potvin, L. Global, regional and National Prevalence of copper, selenium and zinc deficiencies in women of childbearing age: protocol for systematic review and Meta-analysis. BMJ Open. (2023) 13:e066324. doi: 10.1136/bmjopen-2022-066324 

 30. Kim, DE, Cho, SH, Park, HM, and Chang, YK. Relationship between bone mineral density and dietary intake of Β-carotene, vitamin C, zinc and vegetables in postmenopausal Korean women: a cross-sectional study. J Int Med Res. (2016) 44:1103–14. doi: 10.1177/0300060516662402 

 31. Magnusson, C, Jugdaohsingh, R, Hulthen, L, Westerlund, A, Powell, JJ, and Ransjö, M. Urinary excretion of silicon in men, non-pregnant women, and pregnant women: a cross-sectional study. Biol Trace Elem Res. (2020) 194:321–7. doi: 10.1007/s12011-019-01785-5 

 32. Castiblanco-Rubio, GA, Muñoz-Rocha, TV, Téllez-Rojo, MM, Ettinger, AS, Mercado-García, A, Peterson, KE , et al. Dietary influences on urinary fluoride over the course of pregnancy and at one-year postpartum. Biol Trace Elem Res. (2022) 200:1568–79. doi: 10.1007/s12011-021-02799-8 

 33. Solier, S, Müller, S, Cañeque, T, Versini, A, Mansart, A, Sindikubwabo, F , et al. A Druggable copper-Signalling pathway that drives inflammation. Nature. (2023) 617:386–94. doi: 10.1038/s41586-023-06017-4


 34. Zhang, L, Shao, F, and Li, L. Association of copper and zinc intake with inflammatory bowel disease and fecal incontinence symptoms: evidence from the National Health and nutrition examination survey. Biol Trace Elem Res. (2021) 199:2543–51. doi: 10.1007/s12011-020-02390-7 

 35. Liang, Q
. Association between serum copper, selenium, zinc, and serum estradiol in women. Int J Endocrinol. (2022) 2022:8747693–7. doi: 10.1155/2022/8747693 

 36. Puścion-Jakubik, A, Markiewicz-Żukowska, R, Naliwajko, SK, Gromkowska-Kępka, KJ, Moskwa, J, Grabia, M , et al. Intake of antioxidant vitamins and minerals in relation to body composition, skin hydration and lubrication in young women. Antioxidants (Basel). (2021) 10:1110. doi: 10.3390/antiox10071110


 37. Adeyemi-Fowode, OA, and Bercaw-Pratt, JL. Intrauterine devices: effective contraception with noncontraceptive benefits for adolescents. J Pediatr Adolesc Gynecol. (2019) 32:S2–6. doi: 10.1016/j.jpag.2019.07.001 

 38. Kenne, KA, Wendt, L, and Brooks, JJ. Prevalence of pelvic floor disorders in adult women being seen in a primary care setting and associated risk factors. Sci Rep. (2022) 12:9878. doi: 10.1038/s41598-022-13501-w 

 39. Neo, DT, Samoff, E, and Cope, A. Pelvic inflammatory disease trends among emergency department visits in North Carolina, 2008 to 2017. Sex Transm Dis. (2022) 49:43–9. doi: 10.1097/olq.0000000000001514


 40. Marangoni, F, Corsello, G, Cricelli, C, Ferrara, N, Ghiselli, A, Lucchin, L , et al. Role of poultry meat in a balanced diet aimed at maintaining health and wellbeing: an Italian consensus document. Food Nutr Res. (2015) 59:27606. doi: 10.3402/fnr.v59.27606 

 41. Nishito, Y, and Kambe, T. Absorption mechanisms of Iron, copper, and zinc: an overview. J Nutr Sci Vitaminol (Tokyo). (2018) 64:1–7. doi: 10.3177/jnsv.64.1 

 42. Ma, C, Han, L, Zhu, Z, Heng Pang, C, and Pan, G. Mineral metabolism and Ferroptosis in non-alcoholic fatty liver diseases. Biochem Pharmacol. (2022) 205:115242. doi: 10.1016/j.bcp.2022.115242 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between dietary trace minerals and pelvic inflammatory disease: data from the 2015–2018 National Health and Nutrition Examination Surveys



		1 Introduction



		2 Methods



		2.1 Study design and participants



		2.2 Measurement of PID



		2.3 Measurement of dietary trace minerals



		2.4 Assessment of covariates



		2.5 Statistical analysis









		3 Results



		3.1 Description of participants



		3.2 PID correlation with dietary trace minerals



		3.3 Relationship between PID and various quintiles of dietary copper intake



		3.4 Subgroup analysis









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/cover.jpg
’frontiers Frontiers in Nutrition

Association between dietary trace
minerals and pelvic inflammatory
disease: data from the 2015-2018
National Health and Nutrition
Examination Surveys












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






OPS/images/fnut-10-1273509-g005.jpg
A B

o S NGt ek Gl 15 vt i 0502 | S B ot et 0167 s om0
L] s
Jo—"
c D
LT ——
H i
L] g

Copper (mgiday)





OPS/images/fnut-10-1273509-t001.jpg
Characteristics Total PID (n 529) PID (n =165)

Copper (mg/day) 112(002) 114 (0.02) 0.91(0.05) <001
Tron (mg/day) 1231(021) 1240 (0.23) 1096 (0.98) 018
Selenium (mcg/day) 99.18(1.28) 99.77(1.32) 89.90 (6.94) 017
Zinc (mg/day) 9.52(0.16) 9.60 (0.16) 8.30(0.76) 010
Regular period (i, %) 001

No 875 (32.48) 798 (35.23) 77 (48.93)

Yes 1819 (67.52) 1731 (64.77) 88 (51.07)

Age (years) 4023 (0.40) 40.03(0.42) 43.40(113) 001
Race (n, %) 032
Non-Hispanic White 880 (32.67) 824 (60.60) 56 (54.79)

Non-Hispanic Black 620 (23.01) 567 (11.74) 53(16.63)
Mexican American 453 (16.82) 435 (10.38) 18 (6.59)
Other races 741 (27.51) 703 (17.28) 38 (21.99)
Marital (1, %) 002

Married 1,567 (58.17) 1479 (62.58) 88(55.29)

Widowed 59 (2.19) 53 (2.08) 6(535)

Divorced/separated 416 (15.44) 374 (13.28) 42(25.80)

Spinsterhood 652(24.2) 623 (22.06) 29(13.56)

Education (1, %) 020

Less high school 398 (14.77) 370 (9.15) 28(13.52)

High school 560 (20.79) 519 (21.45) 41(29.10)

College 1736 (64.44) 1,640 (69.40) 96 (57.39)

Poverty (1, %) <001

Low 597 (22.16) 546 (16.44) 51(24.96)

Medium 1,133 (42.06) 1,054 (33.92) 79 (51.69)

High 964 (35.78) 929 (49.64) 35(23.35)

BMI (1,%) <001

Underweight 55(2.04) 54(252) 1(017)

Normal weight 745 (27.65) 712 (30.97) 33 (12.48)

Overweight 660 (24.5) 618 (24.21) 42(36.63)

Obese 1,234 (45.81) 1,145 (4231) 89 (50.73)

Smoke (1, %) <001

Never 488 (18.11) 433 (18.19) 55(37.30)

Former 1825 (67.74) 1757 (66.36) 68 (36.09)

Now 381 (14.14) 339 (15.45) 42(26.61)

Hypertension (1, %) <001

No 1942 (72.09) 1851 (77.10) 91 (62.44)

Yes 752 (27.91) 678 (22.90) 74 (37.56)

Diabetes mellitus (1, %) 055

No 2,186 (81.14) 2055 (83.39) 131/(86.80)

Pre-diabetes mellitus 156 (579) 147 (5.45) 9457)

Diabetes mellitus 352 (13.07) 327 (1115) 25(8.63)

The format of mean + standard error (SE) s used to present continuous variables, whereas counts and percentages are used to presen categorical variables. Categorical and continuous






OPS/images/fnut-10-1273509-g003.jpg
Variable Povalue P _for interaction
Subgroups 0dds Ratio (95% C1) 1
Age
2040 070 (0.44, 1.13) 014 001
4159 025(0.12,052) <001
0.32(0.16,065) <001 035
0.49(0.25,096) 004
Race
Non-H 0.34(0.14,081) 002 005
Non-Hispanic Black 0.99(0.52,1.89) 098
Mexican American 0.59(0.24, 1.46) 023
Other race. 0.25(0.13,047) <001
Marital
Married 0.42(0.20,087) 002 012
Widowed 0.01(0.00,1.31) 006
Divorced/separated 0.66(0.28, 1.55) 033
Spinsterhood 0.35(0.13,097) 004
Education
Less high school 0.81(032,2.05) 064 014
High school 0.68(0.37,1.23) 019
College 031(0.13,073) 001
Poverty
Low 0.53(0.26, 1.08) 008 054
Medium 0.54(0.31,096) 004
High 0.30 0.08, 1.04) 006
BMI
Underweight 161(0.81,3.19) 015 001
Normal weight 0.22(0.05,091) 004
Obese 0.74/(0.44,1.26) 026
Overweight 0.22(0.11,0.44) <001
Smoke.
Never 070031, 1.58) 037 025
Former 029/(0.11,0.74) 001
Now 0.49(0.26,092) 003
Hypertension
No 0.40(0.19,0.86) 002 091
Yes 0.43(0.23,079) 001
Y
No 0.36(0.20,0.64) <001 006
Pre-DM 0.27(0.05, 1.46) 012
DM 1,03 (0.52,2.06) 092






OPS/images/fnut-10-1273509-g004.jpg
Sbgonp ol agn @340 yon)

Paon (vl 0.137 P i dona 0047

S drae S8 )

Pl foveral: <0001 ok ron-inear 0.133

Coppor (mpiday)





OPS/images/fnut-10-1273509-t002.jpg
Dietary trace Univariate analysis (crude model)

minerals 95% I @
Copper (mg/day) 0.40 (0.24, 0.67) <001
Tron (mg/day) 0.96 (0.90, 1.03) 025
Selenium (mcg/day) 10099, 1.0) 023

Zinc (mg/day) 0.94 (086, 1.03) 017





OPS/images/fnut-10-1273509-t003.jpg
Dietary copper Crude model Model 1° Model 2°
intake (mg/day)

95% ClI 95% ClI 95% ClI
Copper 0.40 (024, 0.67) <001 0.41(0.23,0.70) <001 0.51(0.28,0.90) 0.03
Q1063 Reference Reference Reference
Q2063-0.86 0.85(0.40,1.81) 0.66 085 (0.39,1.85) 0.68 0.91(039,2.14) 0.80
Q30.87-1.09 0.67(0.36,1.26) 0.20 069 (0.35,1.34) 026 0,83 (034,2.03) 0.63
Q41.10-1.48 059 (0.28,1.27) 017 0.60 (0.27,1.34) 020 0.84(032,2.20) 0.68
Q55149 0.23(0.09.0.58) <001 0.23 (0.090.61) 001 0.29.(0.09,0.90) 0.04
Pfor trend <001 <001 0.04

There was no adjustment made to the crude modelAge and race adjustments were made to Model 1
"All covariates (age, regular period, demography, BMI, smoke, hypertension, and DM) were adjusted to Model 2.





OPS/images/fnut-10-1273509-g001.jpg
[ NHANES 2015-2018 (N= 19225) )

_—
Y

[Complete information of PID (N = 3476)

No questionaire (N = 12468)
Incomplete questionaire (N = 3281)

Incomplete questionaire (N = 165)
—_— 7
[Abnormal trace minerals values (N = 2)
Y
Complete information of dietary trace D
minerals (N = 3309
{ ) “//"No missing regular peirod
Missing demographic data (N = 510)
Missing BMI (N = 15)
— >

Missing smoke (N = 2)
v No missing hypertension
\ Missing diabetes (N = 88)

[ Complete covariates data (N = 2694)

2694 Participants enrolled
Non-PID (N = 2529); PID (N= 165)






OPS/images/fnut-10-1273509-g002.jpg
Log odds

-4

-6

Pvalue (overall): 0.002 Pvalue (non-inear): 0.09

‘Copper (mg/day)





