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Backgrounds: Trihalomethanes (THMs), byproducts of water chlorination, are pervasive in drinking water supplies and have known systemic toxicity. However, their potential neurotoxic effects, particularly on cognitive function, remain poorly understood. This study investigates the association between serum THM concentrations and cognitive decline, aiming to identify environmental risk factors for neurodegenerative diseases.

Methods: Data were drawn from the National Health and Nutrition Examination Survey (NHANES) 2011–2014 cohort. A final analytic sample of 743 participants aged 60 years or older was analyzed. Serum concentrations of four THM species—chloroform, bromodichloromethane (BDCM), dibromochloromethane (DBCM), and bromoform (TBM)—were measured. Cognitive performance was assessed using CERAD Word Learning and Delayed Recall, animal fluency test (AFT), and digit symbol substitution test (DSST). Cognitive impairment was defined as scores below the 25th percentile. Multivariate logistic regression, restricted cubic splines (RCS), and subgroup interaction analyses were used to explore associations.

Results: Higher serum THM concentrations were significantly associated with increased odds of cognitive impairment. In the fully adjusted model, individuals in the highest quartile of total THMs (TTHMs) had a 2.50-fold higher risk (95% CI: 1.68–3.71) compared to the lowest quartile. RCS analysis revealed a non-linear association between BDCM and cognitive decline, particularly in the AFT. Subgroup analysis indicated that older adults (≥70 years), females, and individuals with hypertension or diabetes were more susceptible to THM-related cognitive impairment.

Conclusion: Elevated serum THM levels are independently associated with cognitive impairment, particularly in vulnerable populations. These findings suggest that THMs may act as environmental neurotoxicants contributing to cognitive decline. Public health efforts to reduce THM exposure could play a role in mitigating the risk of neurodegenerative diseases.
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1 Introduction

Trihalomethanes (THMs) are a class of chemical compounds formed as unintended byproducts during the chlorination of drinking water (1). These compounds, including chloroform, bromoform (TBM), dibromochloromethane (DBCM), and chlorodibromomethane, have been a subject of increasing concern due to their widespread presence in potable water supplies (2). While much research has focused on the toxicological effects of THMs on liver, kidney, and cardiovascular health, their potential impact on neurological function, particularly cognitive decline, remains underexplored (3, 4). The neurotoxic potential of environmental chemicals, especially those involved in long-term exposure like THMs, could have profound implications for public health, as cognitive dysfunction is linked to numerous age-related conditions such as dementia and Alzheimer's disease (5, 6).

This study utilizes data from the National Health and Nutrition Examination Survey (NHANES) conducted between 2011 and 2014 to investigate the relationship between serum THM concentrations and cognitive health. Cognitive dysfunction, which encompasses a wide range of disorders from mild cognitive impairment to severe dementia, is one of the leading public health concerns globally (7). The increasing incidence of neurodegenerative diseases underscores the urgency of identifying modifiable environmental risk factors (8). While the role of chemical exposures in the development of cognitive decline has been studied in various contexts, research on the specific effects of THMs remains limited and inconclusive (9). Therefore, understanding the potential mechanisms through which THMs may influence brain health is critical.

The pathophysiological mechanisms by which THMs may impair cognitive function are still not fully understood, though several theories exist. One proposed mechanism involves oxidative stress, where THMs induce the production of free radicals that cause cellular damage in brain tissues, particularly neurons (10, 11). Additionally, inflammation and neuroinflammation could play a pivotal role in this process, as prolonged exposure to environmental pollutants is known to activate the immune response in the brain, leading to chronic inflammatory states that affect cognitive function (12). Furthermore, THMs may also disrupt the blood-brain barrier (BBB) or interfere with neurotransmitter systems, exacerbating the risk of cognitive decline (13). Given these potential mechanisms, the neurotoxic effects of THMs could be subtle and cumulative, manifesting over time with increasing exposure (14).

Our findings suggest a significant association between elevated serum THM concentrations and an increased risk of cognitive impairment. These results highlight the potential neurotoxic effects of THMs, positioning them as environmental risk factors for cognitive decline (15). From a public health perspective, this study underscores the importance of reducing exposure to such chemicals, particularly in populations that may be more vulnerable, such as the older person and those living in areas with suboptimal water treatment. While the findings of this study are preliminary, they pave the way for further research to explore the causal relationship between THM exposure and cognitive decline, and to assess the efficacy of public health policies aimed at limiting exposure to these harmful substances.

In conclusion, the implications of THM exposure for cognitive health are far-reaching. As the global population continues to age, understanding the environmental determinants of cognitive decline is essential to preventing and managing neurodegenerative diseases. This research not only contributes to the existing body of knowledge but also calls for urgent action to safeguard public health by minimizing the presence of harmful environmental pollutants such as THMs in drinking water supplies.



2 Methods


2.1 Study population

Data for this study were derived from the National Health and Nutrition Examination Survey (NHANES) 2011–2014 cohort. We limited our analysis to the NHANES 2011–2014 cycles because these are the only cycles in which both serum trihalomethane (THM) concentrations and cognitive function assessments (CERAD-WL, CERAD-DR, AFT, and DSST) were simultaneously collected. Figure 1 illustrates the data selection process used in our study. Initially, 19,931 participants were included, but exclusions were made for individuals with missing serum trihalomethane (THM) data (n = 14,425), resulting in a sample of 5,506 participants. Further exclusions for missing cognitive data (n = 4,301) left 1,205 participants. After removing individuals with missing covariate data, the final analytic sample consisted of 743 participants.
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FIGURE 1
 Flowchart of the screening process for the study population.




2.2 Exposure assessment

Serum THM concentrations were assessed in peripheral blood samples, as previously described in the literature. THMs measured included chloroform (TCM), bromodichloromethane (BDCM), dibromochloromethane (DBCM), and bromoform (TBM). For analytes with results below the limit of detection (LOD), values were substituted with LOD/√2. Additionally, total THM (TTHMs), chlorinated THMs (Cl-THMs, comprising TCM, BDCM, and DBCM), and brominated THMs (Br-THMs, consisting of BDCM, DBCM, and TBM) concentrations were calculated (16). These measures provided a comprehensive exposure assessment of THMs as potential neurotoxicants.



2.3 Outcome assessment: cognitive performance

Cognitive performance was evaluated using several standardized tests included in the NHANES 2011–2014 cycles, specifically the Consortium to Establish a Registry for Alzheimer's Disease Word List Learning (CERAD-WL), CERAD Delayed Recall (CERAD-DR), animal fluency test (AFT), and digit symbol substitution test (DSST). The CERAD test evaluates episodic memory through immediate word list learning and delayed recall. Each participant was asked to learn and recall ten words, and the total score for the CERAD-WL and CERAD-DR tests combined could range from 0 to 40. The 25th percentile threshold was selected based on precedents in population-based cognitive studies using NHANES, particularly when standardized clinical cutoffs are unavailable. This approach allows for the identification of individuals with relatively poor performance within a population distribution. Nonetheless, we acknowledge the limitation and note that future work may benefit from incorporating age- and education-adjusted clinical norms.

The AFT measures categorical verbal fluency by asking participants to name as many animals as possible in 1 min. A score of one point was awarded for each correct animal named. The DSST, a test of cognitive processing speed and sustained attention, requires participants to match symbols to corresponding numbers within 2 min, yielding a total score of 133 (17).

To define cognitive impairment, we used the 25th percentile cutoff of each cognitive test score, as established in prior research. This approach has been widely used to identify lower cognitive performance in population-based studies.



2.4 Covariates

Potential confounding variables included sex, age, race, education level, marital status, income-to-poverty ratio (PIR), smoking status, alcohol consumption, hypertension, hyperlipidemia, and diabetes. These covariates were selected based on established associations with both THM exposure and cognitive function in the literature.



2.5 Statistical analysis

Descriptive statistics were employed to summarize baseline characteristics. Differences between groups were assessed using t-tests for continuous variables and chi-square tests for categorical variables. Chi-square tests were used for categorical variables and ANOVA for continuous variables to assess differences in demographic and health characteristics across quartiles of THM exposure.

The relationship between serum THM levels and cognitive performance was analyzed using multivariate logistic regression in three models:

• Model 1 included only the exposure (THM concentrations) and the outcome (cognitive performance).

• Model 2 adjusted for sex and age.

• Model 3 incorporated all selected covariates (sex, age, race, education, marital status, PIR, smoking, alcohol consumption, hypertension, hyperlipidemia, and diabetes).

To assess potential non-linear associations between THM concentrations and cognitive outcomes, restricted cubic splines (RCS) were used. Subgroup analyses were conducted to explore whether the relationship between THMs and cognitive impairment differed by demographic or health status factors. Interaction terms were also included to examine potential effect modification.

All statistical analyses were conducted using SPSS version 27.0 and R version 4.4.2. Statistical significance was defined as a P-value of < 0.05. All statistical analyses incorporated the NHANES sampling weights to ensure national representativeness and account for the complex survey design. To combine the 2011–2012 and 2013–2014 cycles, 4-year weights were calculated by dividing the 2-year weights by two, as recommended by NHANES guidelines (https://wwwn.cdc.gov/nchs/nhanes/tutorials/weighting.aspx).




3 Results


3.1 Baseline characteristics

The final analytic sample included 743 participants, stratified into quartiles based on total serum THM concentrations (Table 1). The mean age was 69.83 ± 6.71 years, and 55.8% of participants were female. Significant differences were observed in demographic, socioeconomic, and health-related variables across THM quartiles (all P < 0.001). For example, the proportion of Non-Hispanic Black individuals was highest in the lowest THM quartile (Q1: 53.3%) and decreased in higher quartiles. Participants in the highest quartile (Q4) tended to have lower educational attainment (only 0.9% had college degrees or above) and a higher prevalence of hypertension (67.3%) and hyperlipidemia (59.1%) compared to lower quartiles. Additionally, smoking and alcohol consumption were more common in higher exposure groups. These differences underscore the necessity of adjusting for multiple covariates in subsequent models.


TABLE 1 Baseline characteristics of the study participants.
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3.2 Multivariate logistic regression analysis

The results of the multivariate logistic regression analysis examining the association between serum THM concentrations and cognitive impairment are presented in Table 2. The analysis was conducted in three models: Model 1 (unadjusted), Model 2 (adjusted for age, sex, and race), and Model 3 (fully adjusted for all covariates).


TABLE 2 Weighted logistic regression analyses of association between the blood trihalomethane concentrations and cognitive impairment.
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In Model 1, the odds ratios (ORs) for cognitive impairment in the second (Q2), third (Q3), and fourth (Q4) quartiles of serum THM concentrations relative to the first quartile (reference group) were 1.01 (95% CI: 0.70, 1.47), 0.89 (95% CI: 0.61, 1.30), and 1.46 (95% CI: 1.03, 2.07), respectively. The P-value for the trend across quartiles was < 0.001, indicating a significant increasing trend in the odds of cognitive impairment with higher THM concentrations. Although individual comparisons for Q2 and Q3 were not statistically significant, the overall dose–response relationship remains evident, as supported by a significant trend test (P for trend < 0.001).

After adjusting for age, sex, and race in Model 2, the OR for the fourth quartile (Q4) increased to 2.86 (95% CI: 1.95, 4.21), and the P-value for the trend remained significant (P < 0.001). In the fully adjusted Model 3, which included additional covariates (education level, marital status, PIR, smoking status, alcohol use, diabetes, hypertension, and hyperlipidemia), the OR for the fourth quartile of THMs was 2.50 (95% CI: 1.68, 3.71), further supporting a robust association between higher THM concentrations and cognitive impairment.



3.3 Restricted cubic spline analysis

The non-linear relationships between individual THMs and cognitive function were evaluated using restricted cubic splines (RCS), focusing on chloroform (TCM), bromodichloromethane (BDCM), dibromochloromethane (DBCM), and bromoform (TBM). The analysis revealed a significant non-linear relationship between BDCM and cognitive performance on the AFT test. Specifically, there were two distinct inflection points at serum BDCM concentrations of 3.97 and 4.68 (Figure 2), with a P-value for non-linearity of 0.0356. This suggests that the relationship between BDCM levels and cognitive performance is not linear, and the risk of cognitive impairment may increase more sharply beyond these concentrations. In addition to total THMs, we conducted species-specific analyses for chloroform, bromodichloromethane (BDCM), dibromochloromethane, and bromoform. These analyses revealed that bromoform was associated with the AFT test (Supplementary Table 1).


[image: Figure 2]
FIGURE 2
 Determination of the association between trihalomethane and animal fluency test by restricted cubic spline (RCS) regression analysis.


For the other THMs (TCM, DBCM, and TBM), while the P-values for non-linearity were not statistically significant, the RCS plots showed that all of them intersected with an odds ratio of 1, suggesting that there might be thresholds or subtle effects at higher levels of exposure (Figures 3, 4). These findings highlight the need for further investigation into the potential thresholds or nonlinear effects of THMs on cognitive function.
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FIGURE 3
 Determination of the association between trihalomethane and Consortium to Establish a Registry for Alzheimer's Disease-Word Learning (CERAD W-L) by restricted cubic spline (RCS) regression analysis.
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FIGURE 4
 Determination of the association between trihalomethane and digit symbol substitution test (DSST) by restricted cubic spline (RCS) regression analysis.




3.4 Subgroup and interaction analyses

To further explore whether the association between total serum THM concentrations and cognitive impairment varied across population subgroups, we conducted stratified analyses and tested for potential interactions (see Figure 5). Overall, the positive association between high THM exposure and cognitive impairment was more pronounced in several vulnerable groups. Notably, among participants aged ≥70 years, those in the highest quartile of THMs had significantly higher odds of cognitive impairment (OR = 3.72; 95% CI: 2.13–6.47), whereas the association was weaker and not statistically significant in participants < 70 years (OR = 1.71; 95% CI: 0.89–3.28), with a P-value for interaction = 0.047. Similar trends were observed by sex: the effect was stronger in females (OR = 3.14; 95% CI: 1.92–5.14) than in males (OR = 1.88; 95% CI: 1.00–3.52), though the interaction was not statistically significant. Participants with hypertension showed a robust association (OR = 3.12; 95% CI: 1.95–4.99), compared to those without hypertension (OR = 1.67; 95% CI: 0.89–3.15), P for interaction = 0.038. Likewise, in individuals with diabetes, the association between THM exposure and cognitive impairment was stronger (OR = 3.80; 95% CI: 1.88–7.65) than in non-diabetic individuals (OR = 2.01; 95% CI: 1.14–3.55), with marginal interaction (P = 0.062).
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FIGURE 5
 Subgroup and interaction analyses of the association between trihalomethane and cognitive function.


No significant interactions were observed by education level or alcohol use; however, the ORs remained elevated in low-education and alcohol-consuming groups. Collectively, these results suggest that older adults and individuals with preexisting metabolic or cardiovascular conditions may be more susceptible to the neurotoxic effects of THM exposure.




4 Discussion

This study explores the association between serum trihalomethane (THM) concentrations and cognitive impairment, highlighting significant findings suggesting that higher serum THM levels are associated with an increased risk of cognitive dysfunction. The results align with existing literature that links environmental pollutants, including chlorination by-products, to neurological damage (18). Specifically, we identified that individuals with higher THM levels, particularly bromodichloromethane (BDCM), showed an elevated risk of cognitive impairment, particularly in older adults and those with preexisting conditions like hypertension and diabetes.

The mechanisms through which THMs contribute to cognitive impairment remain incompletely understood. One potential pathway is through oxidative stress, as THMs, particularly BDCM, are known to induce the generation of reactive oxygen species (ROS) in cells, leading to cellular damage in neuronal tissues (19, 20). Previous studies have demonstrated that oxidative stress plays a significant role in neurodegeneration, and chronic exposure to environmental pollutants like THMs could exacerbate this process (21, 22). Furthermore, THMs may also influence neuroinflammatory pathways, which are increasingly recognized as key contributors to cognitive decline (23, 24). Elevated levels of neuroinflammation can disrupt neuronal signaling, impair synaptic plasticity, and lead to neurodegeneration (25). These mechanisms are particularly concerning as they suggest that the neurotoxic effects of THMs could be cumulative and subtle over time, potentially accelerating age-related cognitive decline or contributing to the onset of conditions like Alzheimer's disease and other forms of dementia.

Another potential mechanism is the disruption of the blood-brain barrier (BBB). The BBB plays a crucial role in protecting the brain from harmful substances, but it is vulnerable to damage by environmental toxins, including THMs (26). If THMs or their metabolites can penetrate the BBB, they may directly damage brain tissue, contributing to cognitive dysfunction (27). Additionally, the impact of THMs on neurotransmitter systems, particularly those involved in memory and learning (e.g., acetylcholine), could further exacerbate cognitive impairment, although direct evidence of such effects is limited (28, 29).

From a public health perspective, our findings raise concerns about the widespread exposure to THMs in drinking water, especially given their ubiquitous presence in chlorinated water supplies worldwide. Cognitive impairment and neurodegenerative diseases are growing public health concerns, particularly in aging populations (30). With the increasing prevalence of conditions like dementia, understanding the environmental factors that contribute to cognitive decline is vital (31). Reducing exposure to THMs could, therefore, be a public health priority, particularly in communities that rely on chlorinated drinking water sources. Policy measures to limit THM concentrations in public water supplies and promote the use of alternative disinfection methods, such as ultraviolet treatment or ozonation, could reduce the population's overall exposure to these neurotoxic compounds (32).

However, this study has several limitations. First, the cross-sectional nature of the NHANES data prevents us from establishing causal relationships between THM exposure and cognitive decline. Longitudinal studies are necessary to track the progression of cognitive dysfunction over time in relation to THM exposure (33). Second, while we adjusted for numerous potential confounders, residual confounding remains a possibility, as there may be other unmeasured variables that contribute to both THM exposure and cognitive function. Third, the use of serum THM concentrations as a proxy for long-term exposure may not fully capture the cumulative burden of THM exposure over a lifetime. Future studies should consider using biomarkers of chronic exposure or environmental monitoring data to better assess the long-term effects of THMs. Lastly, while we observed significant associations between THM levels and cognitive impairment, the exact thresholds of exposure that lead to significant neurotoxic effects remain unclear. Further research is needed to identify these thresholds and determine whether any safe levels of exposure exist. Despite adjusting for a broad set of covariates, the possibility of residual confounding remains. Unmeasured factors such as occupational exposures, genetic predispositions, or other environmental pollutants may have influenced the observed associations.

In conclusion, our study provides compelling evidence for the association between higher serum THM concentrations and cognitive impairment, with potential implications for public health policy. The findings suggest that reducing THM exposure, especially in vulnerable populations such as the older person and those with preexisting health conditions, could help mitigate the growing burden of cognitive decline. Nonetheless, more research is needed to clarify the mechanisms behind these associations and to establish causal relationships, as well as to identify effective strategies for reducing THM exposure in the general population.



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 The Ethics Committee of the United States National Center for Health Statistics. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

JL: Conceptualization, Formal analysis, Methodology, Software, Validation, Visualization, Writing – original draft. SW: Data curation, Formal analysis, Writing – original draft. YS: Data curation, Formal analysis, Methodology, Software, Writing – original draft. RL: Supervision, Writing – review & editing. LH: Conceptualization, Funding acquisition, Methodology, Project administration, Software, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Special Funds for Science Development of the Clinical Teaching Hospitals of Jiangsu Vocational College of Medicine (No. 20229107 and No. 20229150) and Clinical Medicine Project of Nantong University (No. 2023JZ026).



Acknowledgments

We want to express our gratitude to the staff at the National Center for Health Statistics of the Centers for Disease Control and Prevention for their dedication to collecting and organizing data.



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.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1603138/full#supplementary-material



References

 1. Sriboonnak S, Induvesa P, Wattanachira S, Rakruam P, Siyasukh A, Pumas C, et al. Trihalomethanes in water supply system and water distribution networks. Int J Environ Res Public Health. (2021) 18:9066. doi: 10.3390/ijerph18179066

 2. Helte E, Söderlund F, Säve-Söderbergh M, Larsson SC, Åkesson A. Exposure to drinking water trihalomethanes and risk of cancer: a systematic review of the epidemiologic evidence and dose-response meta-analysis. Environ Health Perspect. (2025) 133:16001. doi: 10.1289/EHP14505

 3. Yang L, Chen L, Hao Y, Zhou R, Zhu J, Zhu X, et al. Urinary trihalomethane concentrations and liver function indicators: a cross-sectional study in China. Environ Sci Pollut Res Int. (2023) 30:39724–32. doi: 10.1007/s11356-022-25072-4

 4. Liao YH, Chen CC, Chang CC, Peng CY, Chiu HF, Wu TN, et al. Trihalomethanes in drinking water and the risk of death from kidney cancer: does hardness in drinking water matter? J Toxicol Environ Health A. (2012) 75:340–50. doi: 10.1080/15287394.2012.668162

 5. Jablonski SA, Williams MT, Vorhees CV. Mechanisms involved in the neurotoxic and cognitive effects of developmental methamphetamine exposure. Birth Defects Res C Embryo Today. (2016) 108:131–41. doi: 10.1002/bdrc.21130

 6. Naughton SX, Terry Jr AV. Neurotoxicity in acute and repeated organophosphate exposure. Toxicology. (2018) 408:101–12. doi: 10.1016/j.tox.2018.08.011

 7. Clare L, Wu YT, Teale JC, MacLeod C, Matthews F, Brayne C, et al. Potentially modifiable lifestyle factors, cognitive reserve, and cognitive function in later life: a cross-sectional study. PLoS Med. (2017) 14:e1002259. doi: 10.1371/journal.pmed.1002259

 8. Agnello L, Ciaccio M. Neurodegenerative diseases: from molecular basis to therapy. Int J Mol Sci. (2022) 23:12854. doi: 10.3390/ijms232112854

 9. Ma YH, Chen HS, Liu C, Feng QS, Feng L, Zhang YR, et al. Association of long-term exposure to ambient air pollution with cognitive decline and Alzheimer's disease-related amyloidosis. Biol Psychiatry. (2023) 93:780–9. doi: 10.1016/j.biopsych.2022.05.017

 10. Faustino-Rocha AI, Rodrigues D, da Costa RG, Diniz C, Aragão S, Talhada D, et al. Trihalomethanes in liver pathology: mitochondrial dysfunction and oxidative stress in the mouse. Environ Toxicol. (2016) 31:1009–16. doi: 10.1002/tox.22110

 11. Fu M, Xue P, Du Z, Chen J, Liang X, Li J. Blood trihalomethanes and human cancer: a systematic review and meta-analysis. Toxics. (2025) 13:60. doi: 10.3390/toxics13010060

 12. Xie MY, Lin ZY, Sun XF, Feng JJ, Mai L, Wu CC, et al. Per- and polyfluoroalkyl substances (PFAS) exposure in plasma and their blood-brain barrier transmission efficiency-A pilot study. Environ Int. (2024) 187:108719. doi: 10.1016/j.envint.2024.108719

 13. Akimoto T. Quantitative analysis of the kinetic constant of the reaction of N,N′-propylenedinicotinamide with the hydroxyl radical using dimethyl sulfoxide and deduction of its structure in chloroform. Chem Pharm Bull. (2000) 48:467–76. doi: 10.1248/cpb.48.467

 14. Liu K, Lin T, Zhong T, Ge X, Jiang F, Zhang X. New methods based on a genetic algorithm back propagation (GABP) neural network and general regression neural network (GRNN) for predicting the occurrence of trihalomethanes in tap water. Sci Total Environ. (2023) 870:161976. doi: 10.1016/j.scitotenv.2023.161976

 15. Dodds L, King WD. Relation between trihalomethane compounds and birth defects. Occup Environ Med. (2001) 58:443–6. doi: 10.1136/oem.58.7.443

 16. Sun Y, Xia PF, Korevaar TIM, Mustieles V, Zhang Y, Pan XF, et al. Relationship between blood trihalomethane concentrations and serum thyroid function measures in US Adults. Environ Sci Technol. (2021) 55:14087–94. doi: 10.1021/acs.est.1c04008

 17. Casagrande SS, Lee C, Stoeckel LE, Menke A, Cowie CC. Cognitive function among older adults with diabetes and prediabetes, NHANES 2011-2014. Diabetes Res Clin Pract. (2021) 178:108939. doi: 10.1016/j.diabres.2021.108939

 18. Huang S. Efficient analysis of toxicity and mechanisms of environmental pollutants with network toxicology and molecular docking strategy: acetyl tributyl citrate as an example. Sci Total Environ. (2023) 905:167904. doi: 10.1016/j.scitotenv.2023.167904

 19. Attri S, Kaur P, Singh D, Kaur H, Rashid F, Kumar A, et al. Induction of apoptosis in A431 cells via ROS generation and p53-mediated pathway by chloroform fraction of Argemone mexicana (Pepaveraceae). Environ Sci Pollut Res Int. (2022) 29:17189–208. doi: 10.1007/s11356-021-16696-z

 20. Nájera-Martínez M, Lara-Vega I, Avilez-Alvarado J, Pagadala NS, Dzul-Caamal R, Domínguez-López ML, et al. The generation of ROS by exposure to trihalomethanes promotes the IκBα/NF-κB/p65 complex dissociation in human lung fibroblast. Biomedicines. (2024) 12:2399. doi: 10.3390/biomedicines12102399

 21. Li G, Xu S, Messerlian C, Zhang Y, Chen YJ, Sun Y, et al. Blood trihalomethane and urinary haloacetic acid concentrations in relation to hypertension: an observational study among 1162 healthy men. J Hazard Mater. (2024) 477:135411. doi: 10.1016/j.jhazmat.2024.135411

 22. Liu C, Wang YX, Chen YJ, Sun Y, Huang LL, Cheng YH, et al. Blood and urinary biomarkers of prenatal exposure to disinfection byproducts and oxidative stress: a repeated measurement analysis. Environ Int. (2020) 137:105518. doi: 10.1016/j.envint.2020.105518

 23. Kim KW, Quang TH, Ko W, Kim DC, Yoon CS, Oh H, et al. Anti-neuroinflammatory effects of cudraflavanone A isolated from the chloroform fraction of Cudrania tricuspidata root bark. Pharm Biol. (2018) 56:192–200. doi: 10.1080/13880209.2018.1447972

 24. Zhang J, Ye D, Fu Q, Chen M, Lin H, Zhou X, et al. The combination of multiple linear regression and adaptive neuro-fuzzy inference system can accurately predict trihalomethane levels in tap water with fewer water quality parameters. Sci Total Environ. (2023) 896:165269. doi: 10.1016/j.scitotenv.2023.165269

 25. Lee CW, Hsu LF, Wu IL, Wang YL, Chen WC, Liu YJ, et al. Exposure to polystyrene microplastics impairs hippocampus-dependent learning and memory in mice. J Hazard Mater. (2022) 430:128431. doi: 10.1016/j.jhazmat.2022.128431. Erratum in: J Hazard Mater. (2023) 453:131398. doi: 10.1016/j.jhazmat.2023.131398

 26. Brown-Leung JM, Cannon JR. Neurotransmission targets of per- and polyfluoroalkyl substance neurotoxicity: mechanisms and potential implications for adverse neurological outcomes. Chem Res Toxicol. (2022) 35:1312–33. doi: 10.1021/acs.chemrestox.2c00072

 27. Miyazaki W, Fujiwara Y, Katoh T. The effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on the development and function of the blood-brain barrier. Neurotoxicology. (2016) 52:64–71. doi: 10.1016/j.neuro.2015.11.003

 28. Muhammad Bello A, Adegoke Salami H, Samaila Malgwi I, Musa Chiroma S. Stem bark chloroform extract of Bombax costatum Pellegr. & Vuillet exhibit anticonvulsant and neuroprotective effects in pentylenetetrazole-induced seizures in rats. Ann Pharm Fr. (2023) 81:233–47. doi: 10.1016/j.pharma.2022.09.007

 29. Levallois P, Giguère Y, Nguile-Makao M, Rodriguez M, Campagna C, Tardif R, et al. Disinfection by-products exposure and intra-uterine growth restriction: do genetic polymorphisms of CYP2E1or deletion of GSTM1 or GSTT1 modify the association? Environ Int. (2016) 92–93:220–31. doi: 10.1016/j.envint.2016.03.033

 30. Pérez Palmer N, Trejo Ortega B, Joshi P. Cognitive impairment in older adults: epidemiology, diagnosis, and treatment. Psychiatr Clin North Am. (2022) 45:639–61. doi: 10.1016/j.psc.2022.07.010

 31. Zhao YL, Qu Y, Ou YN, Zhang YR, Tan L, Yu JT. Environmental factors and risks of cognitive impairment and dementia: a systematic review and meta-analysis. Ageing Res Rev. (2021) 72:101504. doi: 10.1016/j.arr.2021.101504

 32. Nieuwenhuijsen MJ, Toledano MB, Elliott P. Uptake of chlorination disinfection by-products; a review and a discussion of its implications for exposure assessment in epidemiological studies. J Expo Anal Environ Epidemiol. (2000) 10:586–99. doi: 10.1038/sj.jea.7500139

 33. Li C, Zhu Y, Ma Y, Hua R, Zhong B, Xie W. Association of cumulative blood pressure with cognitive decline, dementia, and mortality. J Am Coll Cardiol. (2022) 79:1321–35. doi: 10.1016/j.jacc.2022.01.045

Copyright
 © 2025 Liu, Wang, Song, Luo and Han. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-13-1603138-g005.gif
¥ea

E

e

srseasn

sesaren

s

s

e
ravaan






OPS/images/fpubh-13-1603138-t001.jpg
Characteristics Blood total trihalomethanes

(eV] Q3
n 743 212 197 279 55
Age, years 69.83 £6.71 69.58 £ 6.85 69.67 %+ 6.50 70.01 £ 6.62 7049 £ 7.50 <0.001
Gender, n (%) <0.001
Male 329 (44.2%) 100 (13.5%) 88 (11.8%) 128 (17.2%) 13 (1.7%)
Female 414 (55.8%) 112 (15.1%) 109 (14.7%) 151 (20.3%) 42 (5.7%)
Race, n (%) <0.001
Mexican American 56 (7.5%) 9(1.2%) 15 (2.0%) 31 (4.2%) 1(0.1%)
Other Hispanic 62 (8.4%) 29 (3.9%) 19 (2.6%) 12 (1.6%) 2(0.3%)
Non-Hispanic Black 399 (53.7%) 113 (15.2%) 96 (12.9%) 164 (22.1%) 26 (3.5%)
Non-Hispanic White 148 (19.9%) 45 (6.1%) 47 (6.3%) 39 (5.2%) 17 (2.3%)
Other races 78 (10.5%) 16 (2.2%) 20 (2.7%) 33 (4.4%) 9(1.2%)
Education, n (%) <0.001
<9th grade 76 (10.2%) 29 (3.9%) 14(1.9%) 28 (3.7%) 5(0.7%)
9-11th grade 87 (11.7%) 28 (3.8%) 22 (3.0%) 29 (3.9%) 8 (1.0%)
High school graduate 190 (25.6%) 59 (7.9%) 48 (6.5%) 67 (9.0%) 16 (2.2%)
Some college or AA degree 216 (29.1%) 45 (6.0%) 68(9.2%) 84 (11.3%) 19 (2.6%)
College graduate or above 174 (23.4%) 51(6.9%) 45 (6.1%) 71 (9.5%) 7 (0.9%)
Marital status, n (%) <0.001
Married 407 (54.8%) 103 (13.9%) 115 (15.4%) 161 (21.7%) 28 (3.8%)
Widowed 155 (20.9%) 46 (6.2%) 38 (5.1%) 53 (7.1%) 18 (2.5%)
Divorced 114 (15.3%) 41 (5.5%) 27 (3.6%) 40 (5.4%) 6(0.8%)
Separated 12 (1.6%) 5(0.7%) 5(0.7%) 2(0.2%) 0(0.0%)
Never married 41(5.5%) 12 (1.6%) 7(0.9%) 19 (2.6%) 3(0.4%)
Living with partner 14 (1.9%) 5(0.7%) 5(0.7%) 4(0.5%) 0(0.0%)
PIR, n (%) <0.001
<1 125 (16.8%) 33 (4.4%) 29 (3.9%) 54 (7.3%) 9(1.2%)
1-3 334 (44.9%) 108 (14.5%) 76 (10.2%) 123 (16.6%) 27 (3.6%)
>3 284 (38.3%) 71 (9.6%) 92 (12.4%) 102 (13.7%) 19 (2.6%)
Smoke, n (%) <0.001
Yes 336 (45.2%) 105 (14.1%) 86 (11.6%) 129 (17.3%) 16 (2.2%)
No 407 (54.8%) 107 (14.4%) 111 (14.9%) 150 (20.2%) 39 (5.3%)
Alcohol use, n (%) <0.001
Yes 493 (66.4%) 133 (17.9%) 138 (18.6%) 193 (26.0%) 29 (3.9%)
No 250 (33.6%) 79 (10.6%) 59 (7.9%) 86 (11.6%) 26 (3.5%)
Hypertension, n (%) <0.001
Yes 465 (62.6%) 140 (18.9%) 122 (16.4%) 166 (22.3%) 37 (5.0%)
No 278 (37.4%) 72 (9.7%) 75 (10.1%) 113 (15.2%) 18 (2.4%)
Hyperlipidemia, n (%) <0.001
Yes 411 (55.3%) 120 (16.1%) 115 (15.5%) 149 (20.1%) 27 (3.6%)
No 332 (44.7%) 92 (12.4%) 82 (11.0%) 130 (17.5%) 28 (3.8%)
Diabetes, n (%) <0.001
Yes 159 (21.4%) 44 (5.9%) 43 (5.8%) 59 (7.9%) 13 (1.8%)
Borderline 547 (73.6%) 153 (20.6%) 144 (19.4%) 208 (28.0%) 42 (5.6%)
No 37 (5.0%) 15 (2.0%) 10 (1.4%) 12 (1.6%) 0(0.0%)
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Model 1 Model 2 Model 3
OR 95% CI P value OR 95% CI P value OR 95% CI P value
Q1 Ref Ref Ref
Q2 101 (0.70, 1.47) 0.949 1.15(0.78, 1.70) 0.494 1.08 (0.73, 1.62) 0692
Q3 0.89 (0.61, 1.30) 0.550 1.27 (085, 1.90) 0240 1.17 (0.77, 1.76) 0464
Q4 146 (1.03, 2.07) 0.032 2.86 (1.95,4.21) <0.001 250 (168, 3.71) <0.001
Pfor trend <0.001 <0.001 <0.001

Model 1: no covariates were adjusted.

Model 2: age, sex, and race were adjusted.

Model 3: age, sex, race, education level, marital status, BMI, PIR, smoking status, alcohol status, diabetes status, hypertension status, hyperlipidemia status was adjusted.
95% CI, 95% confidence interval.
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