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Parkinson’s disease (PD) is one of the most common neurodegenerative diseases and involves various pathogenic mechanisms, including oxidative stress and neuroinflammation. Niacin, an important cofactor in mitochondrial energy metabolism, may play a key role in the pathogenesis of PD. An in-depth exploration of the relationship between niacin and mitochondrial energy metabolism may provide new targets for the treatment of PD. The present study was designed to examine the association between dietary niacin intake and the risk of PD in US adults. Data from adults aged 40 years and older collected during cycles of the United States (US) National Health and Nutrition Examination Survey (NHANES) from 2005 to 2018 were used. A multiple logistic regression model was used to analyze the relationship between dietary niacin intake and the risk of PD. Further linear tests using restricted cubic splines (RCS) were performed to explore the shape of the dose–response relationship. Subgroup stratification and interaction analyses were conducted according to years of education, marital status, smoking, and hypertension to evaluate the stability of the association between different subgroups. A total of 20,211 participants were included in this study, of which 192 were diagnosed with PD. In the fully adjusted multiple logistic regression model, dietary niacin intake was negatively associated with the risk of PD (OR: 0.77, 95%CI: 0.6–0.99; p = 0.042). In the RCS linear test, the occurrence of PD was negatively correlated with dietary niacin intake (nonlinearity: p = 0.232). In stratified analyses, dietary niacin intake was more strongly associated with PD and acted as an important protective factor in patients with fewer years of education (OR: 0.35, 95%CI: 0.13–0.93), married or cohabitating (OR: 0.71, 95%CI: 0.5–0.99), taking dietary supplements (OR: 0.6, 95%CI: 0.37 0.97), non-smokers (OR: 0.57, 95%CI: 0.39–0.85), those with hypertension (OR: 0.63, 95%CI: 0.63–0.95), coronary artery disease (OR: 0.77, 95%CI: 0.6–1), and stroke (OR: 0.75, 95%CI: 0.88–0.98), but the interaction was not statistically significant in all subgroups. Dietary niacin intake was inversely associated with PD risk in US adults, with a 23% reduction in risk for each 10 mg increase in niacin intake.
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1 Introduction

Parkinson’s disease (PD) is one of the most common neurodegenerative disorders, and is primarily caused by the loss of dopamine-producing neurons in the substantia nigra (1, 2). It affects over 6 million people worldwide and is a leading cause of neurofunctional impairments (3, 4). The pathogenic mechanisms of PD involve multiple aspects, with mitochondrial dysfunction, oxidative stress, and neuroinflammation as the crucial core mechanisms (5–8). Currently, no cure for PD (9) exists, and understanding its pathogenic mechanisms and identifying new drug targets for treatment and prevention is of paramount importance.

Niacin, also known as vitamin B3, is a precursor to nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP) (10), possesses anti-inflammatory properties, enhances mitochondrial function by supplying NAD (7, 11), and serves as an essential cofactor in mitochondrial energy metabolism (12). Lack of niacin in the diet may disrupt mitochondrial respiration and reduce oxidative phosphorylation (13). Some studies have suggested that niacin is beneficial in the treatment of PD by alleviating inflammation through an NIARC1-related mechanism and increasing dopamine synthesis in the striatum by supplying NADPH to the mitochondria (14). Research has explored niacin treatment for patients with PD, suggesting a potential role in symptom alleviation and disease progression delay (15–17). However; to date, no studies have been conducted in the general population to investigate the association between niacin and the risk of PD. Therefore, this study aims to evaluate the relationship between dietary niacin intake and the risk of PD in American adults using data from the National Health and Nutrition Examination Survey (NHANES). The specific objective is to determine whether higher dietary niacin intake is negatively associated with the risk of PD.

In a large cross-sectional study of American adults aged 40 and above conducted from 2005 to 2018, we hypothesize that higher dietary niacin intake may be associated with a lower risk of PD. We hope this study will provide stronger evidence for the role of niacin in PD prevention.



2 Materials and methods


2.1 Data source

This cross-sectional observational study utilized data from the NHANES website. The NHANES is a multistage, large, stratified, and nationally representative study of the US population that provides detailed information about study design, interviews, and demographics, etc. (18–20). The present study was reviewed and approved by the National Institute of Public Health Research Ethics Committee. Written informed consent was obtained from the participants’ legal guardians or close family members (21).1 To address potential sources of bias, the NHANES database implemented standardized procedures during data collection, and data collectors received comprehensive training to ensure consistency and accuracy, thereby reducing information bias. Individuals aged 40 and above who completed the interviews participated in our study. We excluded pregnant individuals and those with missing dietary niacin intake and covariate data.



2.2 Diagnosis of PD

Consistent with previous literature (22–24), participants were considered to have PD when using “anti-Parkinson’s agents” based on answers to questions about prescribed medications. Owing to the limitations of drug and code inclusion in the NHANES, patients must be treated with Parkinson’s drugs to be classified as having PD, whereas others are classified as non-PD.



2.3 Dietary niacin intake

Dietary intake data were collected by trained dietary interviewers using the NHANES Computer-Assisted Dietary Interview (CADI) system. Each Mobile Examination Center (MEC) dietary interview room follows a set of standardized measurement guidelines, which are agreed upon by experts during regular workshops and specifically designed for the current NHANES setting. These guidelines assist respondents in accurately reporting the quantity and portion size of consumed foods. The NHANES Dietary Interview Procedures Manual provides a comprehensive overview of the dietary interview methodology (25).

The database employs the multiple-pass recall method to gather food information, offering two dietary niacin intake recalls, both reflecting intake within a 24 h period. The first recall is conducted at the NHANES MEC, and the second recall is completed via telephone interview on days 3–10 following the first recall (24). To ensure data accuracy, the average of the two dietary niacin intake recalls was used as the final intake value. Niacin in this study refers to dietary niacin and excludes niacin supplements.



2.4 Covariates assessment

The covariates in this study were based on previous literature (20, 26), and a variety of possible covariates were evaluated including age, sex, race, marital status, family income, education level, body mass index (BMI), smoking status, dietary supplements, calorie consumption, carbohydrate consumption, protein consumption, and fat consumption. Chronic comorbidities included diabetes, hypertension, coronary heart disease, and stroke. Marital status was defined as living alone or with a partner. Educational levels were divided into three groups based on the 9-year and 12-year boundaries. Races were classified as Mexican American, non-Hispanic black, non-Hispanic white, and other. Sixty-five years old is commonly regarded as the dividing line between middle age and old age. In this study, participants were divided into middle-aged and elderly groups based on this cutoff point. According to a US government report, family income was classified as low, middle, and high based on a poverty income ratio (PIR) of 1.3 and 3.5 (25). Smoking status was determined based on questionnaire responses, following definitions from previous literature (27, 28). Individuals who have smoked more than 100 cigarettes in their lifetime were categorized accordingly: those who smoked fewer than 100 cigarettes were classified as non-smokers; current smokers were individuals who currently smoke and have smoked more than 100 cigarettes in their lifetime; former smokers were individuals who have smoked more than 100 cigarettes in the past but have since quit. Chronic comorbidities were obtained through questionnaires, which inquired whether participants had been diagnosed with these diseases by a doctor. We selected four chronic conditions with a high prevalence rate (diabetes, stroke, hypertension, and coronary heart disease) as the chronic comorbidities for this study. BMI was calculated by dividing weight by the square of height, and participants were categorized into normal weight and overweight groups based on the standard proposed by the World Health Organization, with 25 kg/m2 as the cutoff point. The participants’ total dietary calories, fat, protein, and carbohydrate values were obtained through dietary recall. Information on dietary supplements was also obtained through dietary recall from questionnaires regarding whether the participants had taken dietary supplements in the past month.



2.5 Statistical analyses

In this study, the Kolmogorov–Smirnov test was used to determine whether continuous variables were normally distributed. The mean value (standard deviation) was used to represent normally distributed variables and the median (interquartile distance) was used to represent skewed variables. Categorical variables were expressed as percentages. One-way analysis of variance (ANOVA) was used for normal distributions, the Kruskal-Wallis test for skewed distributions, and the Chi-square test was used for categorical variables. Odds ratios (OR) and 95% confidence intervals (95%CI) between dietary niacin intake and PD were calculated using logistic regression models. Due to dimensional problems, when this analysis was performed using niacin as a continuous variable, we divided its value by 10 in units of 10 mg per unit. Model 1 was adjusted for uncontrollable sociodemographic characteristics including age, sex, and race. Model 2 was adjusted for all sociodemographic characteristics and all covariates other than chronic comorbidities including age, sex, race, education level, marital status, family income, BMI, smoking status, calorie consumption, protein consumption, carbohydrate consumption, fat consumption, and dietary supplements. Model 3 was adjusted comprehensively to include chronic comorbidities (hypertension, coronary heart disease, stroke, and diabetes) based on Model 2.

We used a restricted cubic spline (RCS) test to determine the shape of the dose–response relationship between dietary niacin intake and the incidence of PD. Four nodes of dietary niacin level distribution (at the 5th, 35th, 65th, and 95th percentiles) were used to build a smooth curve-fitting plot according to all covariables included in Model 3. Subgroup analyses of sex, age, race, marital status, education, smoking status, family income, BMI, dietary supplements, hypertension, coronary heart disease, stroke, and diabetes were performed using logistic regression models. Interactions between subgroups were tested using the likelihood ratio test (P for interaction). To assess the robustness of the results, we excluded participants with extreme energy consumption, specifically those with a daily energy consumption of <500 or >5,000 kcal, for a sensitivity analyses.

As the sample size of this study was completely dependent on the NHANES database, no statistical performance estimation was performed in advance. The study excluded all missing data, so there is no data missing. In this study, R open-source software version 4.0.4 and Free Statistics software (29) version 1.9 were used for statistical analyses. We conducted a descriptive study of all participants, and a p-value of less than 0.05 was considered significant for two-tailed testing.




3 Results


3.1 Study population

This study screened data from 70,488 participants in seven cycles of NHANES surveys from 2005 to 2018. We excluded 43,945 individuals under the age of 40, 21 pregnant participants, 3,008 with missing niacin intake data, and 3,303 with missing covariate data. Ultimately, the study included 20,211 participants with complete data, among whom 192 had Parkinson’s disease. The exclusion and inclusion process is illustrated in Figure 1.

[image: Figure 1]

FIGURE 1
 The study’s flow diagram.




3.2 Demographic characteristics

Table 1 presents the baseline characteristics of all participants grouped according to the presence or absence of PD. A total of 192 patients (0.9%) had PD. The participants’ mean age ± SD was 59.5 ± 12.3 years, 10,308 (51%) were women, most of them were non-Hispanic white (9,432, 46.7%), and 50.8% had more than 12 years of education. The minimum daily niacin intake over a 24 h period was 0.002 mg, the maximum intake was 179.1 mg, and the average intake was 23.6 ± 11.7 mg. Individuals with PD may have exhibited the following characteristics: older age, non-Hispanic white ethnicity, lower household income, greater use of dietary supplements, combined hypertension, lower protein consumption, and lower niacin intake. Sex, education, marital status, BMI, smoking status, diabetes, coronary heart disease, total calories, carbohydrates, and fat consumption did not differ in the classification of PD.



TABLE 1 Population characteristics by categories of PD.
[image: Table1]



3.3 Relationship between dietary niacin intake and PD risk

The univariate analysis demonstrated that age, race, family income, hypertension, protein consumption, and dietary supplements were associated with the risk of PD (Table 2). The results of multivariate logistic proportional risk regression analysis of the relationship between dietary niacin intake and the risk of PD are shown in Table 3. In models without adjustment for covariates, we found a significant independent inverse association between dietary niacin and the risk of PD (OR: 0.83, 95%CI: 0.72–0.95; p = 0.009). After adjusting for uncontrollable demographic characteristics variables (gender, age, and race) in Model 1, the inverse association between dietary niacin and the risk of developing PD did not change (OR: 0.84, 95%CI: 0.72–0.98; p = 0.027), and the difference was still statistically significant. In Model 2, the inverse association between dietary niacin and PD risk remained after adjustment for all demographic characteristics and smoking, BMI, energy consumption, protein consumption, carbohydrate consumption, and fat consumption (OR: 0.77, 95%CI: 0.6–0.99; p = 0.04). On the basis of Model 2, chronic comorbidities (diabetes, hypertension, coronary heart disease, and stroke) were added to Model 3 as a comprehensive adjustment of covariates, and the adjusted results showed that the inverse association between dietary niacin and PD risk remained stable. For every 10 mg/day increase in dietary niacin intake, the risk of PD was reduced by 23% (OR: 0.77, 95%CI: 0.6–0.99; p = 0.042). The RCS for the association between dietary niacin intake and the risk of PD is shown in Figure 2. Dietary niacin intake was inversely associated with PD risk when all confounding covariates were considered (nonlinearity, p = 0.232).



TABLE 2 Association of covariates and PD risk.
[image: Table2]



TABLE 3 The logistic regression of dietary niacin intake associated with PD risk.
[image: Table3]
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FIGURE 2
 Association between dietary niacin intake and PD odds ratio. The solid and dashed lines represent the predicted value and the 95% confidence interval. They adjusted for age, sex, race, marital status, family income, education level, smoking status, body mass index, stroke, hypertension, coronary heart disease, diabetes, energy consumption, carbohydrate consumption, fat consumption, protein consumption, and whether they took dietary supplements. Only 99.5% of the data is displayed.




3.4 Subgroup analyses

To determine whether the association between dietary niacin intake and the risk of PD was consistent across subgroups, we performed stratification and interaction analyses. When stratified by sex, age, race, marital status, education, smoking status, family income, BMI, and dietary supplements, hypertension, coronary heart disease, stroke, and diabetes, as shown in Figure 3, dietary niacin intake was more strongly associated with the risk of PD in those with fewer years of schooling (OR: 0.35, 95%CI: 0.13–0.93), married or cohabiting (OR: 0.71, 95%CI: 0.5–0.99), those taking dietary supplements (OR: 0.6, 95%CI: 0.37–0.97), non-smokers (OR: 0.57, 95%CI: 0.39–0.85), those with hypertension (OR: 0.63, 95%CI: 0.63–0.95), coronary heart disease (OR: 0.77, 95%CI: 0.6–1), and stroke (OR: 0.75, 95%CI: 0.88–0.98). Therefore, dietary niacin intake was an important protective factor for people with fewer years of education, married or cohabitating, taking dietary supplements, non-smokers, and those with hypertension, coronary heart disease, and stroke. When testing for interactions between subgroups using likelihood ratio tests, we found no statistically significant interactions in any subgroup.

[image: Figure 3]

FIGURE 3
 From the basic characteristics, the relationship between dietary niacin intake and PD is not only stratified components itself, each stratification factor was adjusted for all other variables (age, sex, marital status, ethnic group, education level, household income, smoking status, hypertension, diabetes, stroke, coronary heart disease, body mass index, energy expenditure, protein expenditure, carbohydrate expenditure, fat expenditure, dietary supplement use).




3.5 Sensitivity analyses

After excluding the individuals with extreme energy consumption, 20,022 individuals left, and the association between dietary niacin intake and the risk of PD remained stable. In the fully adjusted model, the OR value for dietary niacin intake and PD risk was 0.77 (95%CI, 0.6–0.99, p = 0.042) (Table 4).



TABLE 4 Association between dietary niacin intake and PD risk in participants with extreme energy consumption was not included.
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4 Discussion

Based on NHANES data from 2005 to 2018, we investigated the relationship between dietary niacin intake and Parkinson’s disease (PD) among adults aged 40 and above in the United States. We found that PD patients had lower dietary niacin intake, and there was an association between niacin intake levels and PD risk. Both univariate and multivariate logistic regression analyses showed a negative correlation between dietary niacin intake and PD risk. Subgroup analyses revealed that dietary niacin intake was an important protective factor for individuals with shorter educational duration, married or cohabitating status, dietary supplement use, non-smoking status, as well as those with hypertension, coronary heart disease, and stroke. Additionally, restricted cubic spline (RCS) analysis indicated no nonlinear association between dietary niacin intake and PD.

Ender et al. (30) found that patients with PD may have chronic vitamin B3 deficiencies. Vascellari et al. (31) also found a decrease in B vitamins (B3 and B5) when studying the gut microbiota of patients with PD. Motawi et al. (32) evaluated the therapeutic effect of niacin on mouse models of PD through behavioral, biochemical, genetic, and histopathological observations, and found that food supplements containing niacin were effective in the treatment of PD. A randomized, double-blind trial in the United Kingdom showed that niacin supplementation might maintain or improve quality of life in people with PD and slow progression of the disease (16). Similarly, a randomized, double-blind controlled trial of U.S. military veterans showed that supplementation with low-dose niacin as adjunct therapy in patients with PD reduced neuroinflammation and improved motor function (15). The aforementioned studies all suggest the therapeutic significance of niacin for patients with PD. However, it is worth noting that there is currently a lack of large-scale clinical studies investigating the relationship between dietary niacin and Parkinson’s disease (PD) in the general population. To our knowledge, this study is the first to evaluate the association between dietary niacin intake and the risk of developing PD in US adults. This study included a general population sample from the United States, which was nationally representative. Our results suggest that higher dietary niacin intake may be associated with a reduced risk of PD in the US population, consistent with previous research findings. Earlier research also found that PD patients experienced controlled motor symptoms after taking high doses of niacin (500–2,000 mg/day), but they also encountered nightmares and rashes (33). In our study, the maximum daily dietary intake of niacin was 179.1 mg/day, so no safety issues related to excessive niacin intake were observed.

What is special about this study is the inclusion of total energy consumption, fat consumption, carbohydrate consumption, and protein consumption as covariates. Qu et al. (34) conducted a systematic review using the Embase and PubMed databases, concluding that high total energy consumption is associated with an increased risk of PD, and dietary fat consumption influences the risk of PD. Palavra et al. (35) found that PD patients reported higher total carbohydrate consumption. Kacprzyk et al. (36) searched four databases (Cochrane, PubMed, Embase, and Web of Science) and included 49 studies in their systematic review, analyzing the prevalence of malnutrition in PD patients, concluding that the prevalence or risk of malnutrition in the PD group is significant. Based on these studies, considering that total energy consumption, fat consumption, carbohydrate consumption, and protein consumption may all be related to the risk of PD, these factors were included as covariates in the study. The results showed that after comprehensive adjustment for total energy consumption, fat consumption, carbohydrate consumption, and protein consumption, the inverse relationship between dietary niacin intake and PD risk remained stable.

Based on previous studies, it is suggested that niacin is involved in the pathophysiological processes of PD via multiple mechanisms. First, chronic oxidative stress leads to oxidative damage to neuronal cell lipids, proteins, and DNA, resulting in the degeneration of substantia nigra dopaminergic neurons (37, 38). Degeneration and loss of dopaminergic neurons are the primary factors that contribute to PD progression (5, 39, 40). Experimental studies in various PD models have shown that niacin can improve oxidative stress associated with PD. Zhou et al. found that intraperitoneal injections of NADPH in an 1-methyl-4-phenyl-5-tetrahydropyridine (MPTP) animal model elevated glutathione levels and reduced the production of reactive oxygen species (ROS) (41). Qin et al. confirmed that exogenous NADPH possesses antioxidant activity both in vivo and in primary neuronal cultures (42, 43). In an animal model, Motawi et al. discovered that niacin decreased malondialdehyde and increased glutathione levels, thus reducing oxidative stress (32). Ganji et al. confirmed that niacin could increase NADP levels, inhibit the generation of ROS, and reduce glutathione levels, thereby reducing oxidative stress in endothelial cells (44).

Second, mitochondrial dysfunction has also been implicated in the pathogenesis of PD. Disruptions in mitochondrial dynamics (fission, fusion, transport, autophagy, etc.), complex I inhibition of the electron transport chain (ETC), and bioenergetic defects have all been confirmed to be associated with the pathogenesis of PD (45). The absence of niacin, an important cofactor in mitochondrial oxidative phosphorylation, is directly associated with mitochondrial dysfunction (12, 13).

In addition, a large number of studies have confirmed the link between neuroinflammation and PD. In patients with PD, inflammatory mediators such as TNF, IL-1β, IL-6, and IFNγ have been found in the cerebrospinal fluid and pathological findings of the dense part of the substantia nigra (46, 47). The niacin anti-inflammatory mechanism is mediated through the receptor GPR109A. Macrophages polarize from the M1 (pro-inflammatory) to the M2 (anti-inflammatory) phenotype through GPR109A (48). Neuroinflammation can be reduced by targeting GPR109A, thereby reducing the incidence of PD (7). Evidence shows that exogenous NADPH inhibits oxidative stress and glial cell-mediated neuroinflammation (41). In the MPTP model, the niacin metabolite NADPH effectively reduced MPP+-induced reactive oxygen species (ROS), p38 phosphorylation, and excessive production of cyclooxygenase-2 (COX2) inflammatory proteins, and inhibited glia-mediated neuroinflammation (41). Wakade et al. showed that in patients with PD, supplementation with low doses of niacin promoted anti-inflammatory processes and inhibited inflammation (48).

In summary, niacin may alter the pathology of PD through various neuroprotective mechanisms, including the reduction of oxidative stress, improvement of mitochondrial function, and amelioration of neuroinflammation.

This study had some limitations. First, owing to the limitations of the cross-sectional survey, we cannot infer causality from the results (49); therefore, further longitudinal research is necessary. Second, the NHANES uses anti-Parkinson drugs to define PD patients with PD, and cannot exclude sample inclusion for confounding reasons. In addition, in this study, we found that the confidence intervals for our conclusions were wide (0.6–0.99), suggesting that our sample size might be insufficient or the data variability might be high, thus necessitating cautious interpretation of these results. Future research requires larger sample sizes to obtain more precise estimates. Despite these uncertainties, our findings may still have practical significance in certain contexts, requiring careful consideration and balance in specific applications. Future research should aim to increase sample size and improve data quality to reduce the width of the confidence intervals, thereby providing more reliable evidence. Finally, there may be other confounding factors, such as physical activity, in the relationship between dietary niacin and PD. These additional factors should be considered in future studies to corroborate the findings of this research.

Since the NHANES dataset is nationally representative, our results can be generalized to the entire adult population of the United States to some extent. However, there may be differences for populations in other countries or regions due to variations in dietary habits, lifestyle, and genetic factors. Therefore, we recommend conducting similar studies in other regions to verify the external validity of these findings. Considering the limitations of this study, further research with larger sample sizes is needed to validate our results.



5 Conclusion

An inverse association between dietary niacin intake and the risk for PD was found in a large cross-sectional study of US adults aged 40 and older. For every 10 mg increase in dietary niacin intake, the risk of PD was reduced by 23%.



Author contributions

LZ: Writing – original draft, Writing – review & editing, Data curation, Investigation, Methodology, Project administration, Resources, Software. SY: Formal analysis, Supervision, Validation, Writing – review & editing. XL: Data curation, Validation, Visualization, Writing – review & editing. CW: Data curation, Validation, Writing – review & editing. GT: Funding acquisition, Methodology, Writing – review & editing. XW: Formal analysis, Funding acquisition, Writing – review & editing. LL: Conceptualization, Methodology, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was funded by the Science & Technology Department of Sichuan Province (Grant No. 2022NSFSC1361) and the Health Commission of Sichuan Province (Grant No. 21PJ032), was supported by two projects of Natural Science Foundation of Gansu Province (grant number was 23JRRA1596 and 20JR10RA671).



Acknowledgments

We are grateful to Fangzhou Liu and Yingchun Xu of the Department of Neurology, West China Hospital, Sichuan University for their support in literature review, writing and typesetting. We gratefully thank Huanxian Liu of the Department of Neurology, Chinese PLA General Hospital for his contribution to the statistical support, study design consultations.



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.



Footnotes

1   https://www.cdc.gov/nchs/nhanes/index.htm accessed on 20 November 2023.



References

 1. Kalia, LV, and Lang, AE. Parkinson’s disease. Lancet. (2015) 386:896–912. doi: 10.1016/S0140-6736(14)61393-3


 2. Simon, DK, Tanner, CM, and Brundin, P. Parkinson disease epidemiology, pathology, genetics, and pathophysiology. Clin Geriatr Med. (2020) 36:1–12. doi: 10.1016/J.Cger.2019.08.002


 3. Tolosa, E, Garrido, A, Scholz, SW, and Poewe, W. Challenges in the diagnosis of Parkinson’s disease. Lancet Neurol. (2021) 20:385–97. doi: 10.1016/S1474-4422(21)00030-2 

 4. GBD 2016 Neurology Collaborators. Global, regional, and national burden of neurological disorders, 1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet Neurol. (2019) 18:459–80. doi: 10.1016/S1474-4422(18)30499-X 

 5. Rocha, EM, De Miranda, B, and Sanders, LH. Alpha-synuclein: pathology, mitochondrial dysfunction and neuroinflammation in Parkinson’s disease. Neurobiol Dis. (2018) 109:249–57. doi: 10.1016/J.Nbd.2017.04.004


 6. Chen, C, Turnbull, DM, and AK, R. Mitochondrial dysfunction in Parkinson’s disease-cause or consequence. Biology. (2019) 8:38. doi: 10.3390/Biology8020038


 7. Giri, B, Belanger, K, Seamon, M, Bradley, E, Purohit, S, Chong, R , et al. Niacin ameliorates neuro-inflammation in Parkinson’s disease via GPR109A. Int J Mol Sci. (2019) 20:4559. doi: 10.3390/Ijms20184559


 8. Dexter, DT, and Jenner, P. Parkinson disease: from pathology to molecular disease mechanisms. Free Radic Biol Med. (2013) 62:132–44. doi: 10.1016/J.Freeradbiomed.2013.01.018


 9. GBD 2016 Parkinson’s Disease Collaborators. Global, regional, and national burden of Parkinson’s disease, 1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet Neurol. (2018) 17:939–53. doi: 10.1016/S1474-4422(18)30295-3 

 10. Afzal, M, Kuipers, OP, and Shafeeq, S. Niacin-mediated gene expression and role of NiaR as a transcriptional repressor of niaX, nadC, and pnuC in Streptococcus Pneumoniae. Front Cell Infect Microbiol. (2017) 7:70. doi: 10.3389/Fcimb.2017.00070


 11. Hellenbrand, W, Boeing, H, Bp, R, Seidler, A, Vieregge, P, Nischan, P , et al. Diet and Parkinson’s disease. II: a possible role for the past intake of specific nutrients. Results from a self-administered food-frequency questionnaire in a case-control study. Neurology. (1996) 47:644–50. doi: 10.1212/Wnl.47.3.644


 12. Kirkland, JB, and Meyer-Ficca, ML. Niacin. Adv Food Nutr Res. (2018) 83:83–149. doi: 10.1016/Bs.Afnr.2017.11.003


 13. Pirinen, E, Auranen, M, Na, K, Brilhante, V, Urho, N, Pessia, A , et al. Niacin cures systemic NAD(+) deficiency and improves muscle performance in adult-onset mitochondrial myopathy. Cell Metab. (2020) 31:1078–1090.E5. doi: 10.1016/J.Cmet.2020.04.008


 14. Bjørklund, G, Dadar, M, Anderson, G, Chirumbolo, S, and Maes, M. Preventive treatments to slow substantia nigra damage and Parkinson’s disease progression: a critical perspective review. Pharmacol Res. (2020) 161:105065. doi: 10.1016/J.Phrs.2020.105065 

 15. Wakade, C, Chong, R, Seamon, M, Purohit, S, Giri, B, and Morgan, JC. Low-dose niacin supplementation improves motor function in us veterans with Parkinson’s disease: a single-center, randomized, placebo-controlled trial. Biomedicines. (2021) 9:1881. doi: 10.3390/Biomedicines9121881


 16. Chong, R, Wakade, C, Seamon, M, Giri, B, Morgan, J, and Purohit, S. Niacin enhancement for Parkinson’s disease: an effectiveness trial. Front Aging Neurosci. (2021) 13:667032. doi: 10.3389/Fnagi.2021.667032 

 17. Berven, H, Kverneng, S, Sheard, E, Søgnen, M, Af Geijerstam, SA, Haugarvoll, K , et al. NR-SAFE: a randomized, double-blind safety trial of high dose nicotinamide riboside in Parkinson’s disease. Nat Commun. (2023) 14:7793. doi: 10.1038/S41467-023-43514-6


 18. Gong, R, Pu, X, Cheng, Z, Ding, J, Chen, Z, and Wang, Y. The association between serum cadmium and diabetes in the general population: a cross-sectional study from NHANES (1999-2020). Front Nutr. (2022) 9:966500. doi: 10.3389/Fnut.2022.966500 

 19. Liu, H, Tan, X, Liu, Z, Ma, X, Zheng, Y, Zhu, B , et al. Association between diet-related inflammation and COPD: findings from NHANES III. Front Nutr. (2021) 8:732099. doi: 10.3389/fnut.2021.732099 

 20. Zeng, Z, Cen, Y, Wang, L, and Luo, X. Association between dietary inflammatory index and Parkinson’s disease from national health and nutrition examination survey (2003-2018): a cross-sectional study. Front Neurosci. (2023) 17:1203979. doi: 10.3389/fnins.2023.1203979 

 21. Fan, Y, Zhao, L, Deng, Z, Li, M, Huang, Z, Zhu, M , et al. Non-linear association between Mediterranean diet and depressive symptom in U.S. adults: a cross-sectional study. Front Psych. (2022) 13:936283. doi: 10.3389/fpsyt.2022.936283 

 22. Wu, Y, Song, J, Zhang, Q, Yan, S, Sun, X, Yi, W , et al. Association between organophosphorus pesticide exposure and depression risk in adults: a cross-sectional study with NHANES data. Environ Pollut. (2023) 316:120445. doi: 10.1016/J.Envpol.2022.120445 

 23. Zhao, J, Li, F, Wu, Q, Cheng, Y, Liang, G, Wang, X , et al. Association between trichlorophenols and neurodegenerative diseases: a cross-sectional study from NHANES 2003-2010. Chemosphere. (2022) 307:135743. doi: 10.1016/J.Chemosphere.2022.135743 

 24. Zeng, Z, Cen, Y, Xiong, L, Hong, G, Luo, Y, and Luo, X. Dietary copper intake and risk of Parkinson’s disease: a cross-sectional study. Biol Trace Elem Res. (2023) 202:955–64. doi: 10.1007/s12011-023-03750-9


 25. Liu, H, Wang, L, Chen, C, Dong, Z, and Yu, S. Association between dietary niacin intake and migraine among American adults: national health and nutrition examination survey. Nutrients. (2022) 14:3052. doi: 10.3390/Nu14153052


 26. Fernandez, RD, Bezerra, G, Krejcová, LV, and Gomes, DL. Correlations between nutritional status and quality of life of people with Parkinson’s disease. Nutrients. (2023) 15:3272. doi: 10.3390/Nu15143272


 27. Liu, L, Shen, Q, Bao, Y, Xu, F, Zhang, D, Huang, H , et al. Association between dietary intake and risk of Parkinson’s disease: cross-sectional analysis of survey data from NHANES 2007-2016. Front Nutr. (2023) 10:1278128. doi: 10.3389/Fnut.2023.1278128 

 28. Xiao, Y, and Xiao, Z. Association between serum klotho and kidney stones in us middle-aged and older individuals with diabetes mellitus: results from 2007 to 2016 national health and nutrition survey. Am J Nephrol. (2023) 54:224–33. doi: 10.1159/000531045 

 29. Ruan, Z, Lu, T, Chen, Y, Yuan, M, Yu, H, Liu, R , et al. Association between psoriasis and nonalcoholic fatty liver disease among outpatient US adults. JAMA Dermatol. (2022) 158:745–53. doi: 10.1001/Jamadermatol.2022.1609 

 30. Bender, DA, Earl, CJ, and Lees, AJ. Niacin depletion in Parkinsonian patients treated with L-dopa, benserazide and carbidopa. Clin Sci. (1979) 56:89–93. doi: 10.1042/Cs0560089


 31. Vascellari, S, Palmas, V, Melis, M, Pisanu, S, Cusano, R, Uva, P , et al. Gut microbiota and metabolome alterations associated with Parkinson’s disease. Msystems. (2020) 5:e00561-20. doi: 10.1128/Msystems.00561-20


 32. Motawi, TK, Sadik, N, Hamed, MA, Ali, SA, Khalil, W, and Ahmed, YR. Potential therapeutic effects of antagonizing adenosine A(2A) receptor, curcumin and niacin in rotenone-induced Parkinson’s disease mice model. Mol Cell Biochem. (2020) 465:89–102. doi: 10.1007/S11010-019-03670-0


 33. Alisky, JM
. Niacin improved rigidity and bradykinesia in a Parkinson’s disease patient but also caused unacceptable nightmares and skin rash--a case report. Nutr Neurosci. (2005) 8:327–9. doi: 10.1080/10284150500484638


 34. Qu, Y, Chen, X, Xu, M, and Sun, Q. Relationship between high dietary fat intake and Parkinson’s disease risk: a meta-analysis. Neural Regen Res. (2019) 14:2156–63. doi: 10.4103/1673-5374.262599 

 35. Palavra, NC, Lubomski, M, Flood, VM, Davis, RL, and Sue, CM. Increased added sugar consumption is common in Parkinson’s disease. Front Nutr. (2021) 8:628845. doi: 10.3389/Fnut.2021.628845


 36. Kacprzyk, KW, Milewska, M, Zarnowska, A, Panczyk, M, Rokicka, G, and Szostak-Wegierek, D. Prevalence of malnutrition in patients with Parkinson’s disease: a systematic review. Nutrients. (2022) 14:5194. doi: 10.3390/Nu14235194


 37. De La Fuente, M, and Miquel, J. An update of the oxidation-inflammation theory of aging: the involvement of the immune system in oxi-inflamm-aging. Curr Pharm Des. (2009) 15:3003–26. doi: 10.2174/138161209789058110 

 38. Vida, C, Kobayashi, H, Garrido, A, Martínez De Toda, I, Carro, E, Molina, JA , et al. Lymphoproliferation impairment and oxidative stress in blood cells from early Parkinson’s disease patients. Int J Mol Sci. (2019) 20:771. doi: 10.3390/Ijms20030771


 39. Ghodsi, H, Rahimi, HR, Aghili, SM, Saberi, A, and Shoeibi, A. Evaluation of curcumin as add-on therapy in patients with Parkinson’s disease: a pilot randomized, triple-blind, placebo-controlled trial. Clin Neurol Neurosurg. (2022) 218:107300. doi: 10.1016/J.Clineuro.2022.107300 

 40. Dionísio, PA, Amaral, JD, and Rodrigues, C. Oxidative stress and regulated cell death in Parkinson’s disease. Ageing Res Rev. (2021) 67:101263. doi: 10.1016/J.Arr.2021.101263


 41. Zhou, Y, Wu, J, Sheng, R, Li, M, Wang, Y, Han, R , et al. Reduced nicotinamide adenine dinucleotide phosphate inhibits MPTP-induced neuroinflammation and neurotoxicity. Neuroscience. (2018) 391:140–53. doi: 10.1016/J.Neuroscience.2018.08.032 

 42. Li, M, Zhou, ZP, Sun, M, Cao, L, Chen, J, Qin, YY , et al. Reduced nicotinamide adenine dinucleotide phosphate, a pentose phosphate pathway product, might be a novel drug candidate for ischemic stroke. Stroke. (2016) 47:187–95. doi: 10.1161/Strokeaha.115.009687


 43. Qin, YY, Li, M, Feng, X, Wang, J, Cao, L, Shen, XK , et al. Combined NADPH and the NOX inhibitor apocynin provides greater anti-inflammatory and neuroprotective effects in a mouse model of stroke. Free Radic Biol Med. (2017) 104:333–45. doi: 10.1016/J.Freeradbiomed.2017.01.034


 44. Ganji, SH, Qin, S, Zhang, L, Kamanna, VS, and Kashyap, ML. Niacin inhibits vascular oxidative stress, redox-sensitive genes, and monocyte adhesion to human aortic endothelial cells. Atherosclerosis. (2009) 202:68–75. doi: 10.1016/J.Atherosclerosis.2008.04.044 

 45. Winklhofer, KF, and Haass, C. Mitochondrial dysfunction in Parkinson’s disease. Biochim Biophys Acta. (1802) 2010:29–44. doi: 10.1016/J.Bbadis.2009.08.013


 46. Frank-Cannon, TC, Alto, LT, Mcalpine, FE, and Tansey, MG. Does neuroinflammation fan the flame in neurodegenerative diseases. Mol Neurodegener. (2009) 4:47. doi: 10.1186/1750-1326-4-47 

 47. Gerhard, A, Pavese, N, Hotton, G, Turkheimer, F, Es, M, Hammers, A , et al. In vivo imaging of microglial activation with [11C](R)-PK11195 pet in idiopathic Parkinson’s disease. Neurobiol Dis. (2006) 21:404–12. doi: 10.1016/J.Nbd.2005.08.002 

 48. Wakade, C, Giri, B, Malik, A, Khodadadi, H, JC, M, RK, C , et al. Niacin modulates macrophage polarization in Parkinson’s disease. J Neuroimmunol. (2018) 320:76–9. doi: 10.1016/J.Jneuroim.2018.05.002 

 49. Wang, X, and Cheng, Z. Cross-sectional studies: strengths, weaknesses, and recommendations. Chest. (2020) 158:S65–71. doi: 10.1016/J.Chest.2020.03.012



Copyright
 © 2024 Zhang, Yang, Liu, Wang, Tan, Wang and Liu. 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/fnut-11-1387802-t002.jpg
Variables OR (95%CI) Variables OR (95%Cl) p-value
Sex, n (%) Body mass index (kg/m?), 1
(%)
Male 1 (reference) <25 1 (reference)
Female 1(0.75-1.33) 0.991 225 0.93(0.67-1.28) 0.65
Age (years) Hypertension, 7 (%)
140-65 1 (reference) No 1 (reference)
565 255 (191-3.4) <0.001 Yes 1.96 (1.47-2.61) <0.001
Race/ethnicity, n (%) Diabetes, (%)
Non-Hispanic white 1 (reference) No 1 (reference)
Non-Hispanic black 047 (031-071) <0.001 Yes 127(09-179) 0.168
Mexican American 0.42(025-071) 0.001 Coronary heart disease, n
(%)
Others 0.4(0.25~0.64) <0.001 No 1 (reference)
Education level (year), 1 (%) Yes 1.62 (0.99-2.64) 0.054
<9 1 (reference) Stroke, 1 (%)
9-12 1(063-1.57) 0.985 No 1 (reference)
>12 0.85 (0.55-133) 0478 Yes 2.14(1.35-3.38) 0.001
Marital status, 1 (%) Calorie consumption 10-1) 0515
(keal/d), Median (IQR)
Married or living with a 1 (reference) Protein consumption (g/d), 0.99(099-1) 0.03
partner Median (IQR)
Living alone 113 (0.85-1.51) 041 Carbohydrate consumption 10-1) 0643
(g/d), Median (IQR)

Family income, n (%) Fat consumption (g/d), 10-1 0.802

Median (IQR)
Low 1 (reference) Niacin consumption (per 0,83 (0.72-0.95) 0.009

10mg/d), Median (IQR)
Medium 0.77 (056-107) 0.121 Dietary supplements taken, 149 (1.11-2.02) 0.009
n (%)

High 0.52(036-076) 0.001
Smoking status, 7 (%)

Never 1 (reference)

Current 0,97 (07-1.35) 0.861

Former 1.01(0.69-147) 0979





OPS/images/fnut-11-1387802-t003.jpg
Niacin (per 10 mg/d)

Variable n.event_%

OR (95%Cl) p-value
Unadjusted 20211 192(0.9) 0.83 (0.72-0.95) 0.009
Model 1 20211 192(0.9) 0.84(0.72-0.98) 0.027
Model 2 20211 192(0.9) 077 (0.6-0.99) 0.040
Model 3 20211 192(0.9) 077 (0.6-0.99) 0042

Model 1: adjusted for RIAGENDR, age, and race.
Model 2: adjusted for RIAGENDR, age, race, edu, marital, PIR, supp, smoke, energy, protein, carbohydrate, fat, and BML

Model 3: adjusted for RIAGENDR, age, race, edu, marital, PIR, supp, smoke, energy, protein, carbohydrate, fat, BMI, hypertension, DM, CHD, and stroke.
Cl, confidence interval; OR, odds ratios.





OPS/images/fnut-11-1387802-g003.jpg
Subgrove. Evont ) OR(SHC)
o

e w09 s @rrosy
Adsna 5209 07706099
sox

e woa  omasien
o wo ompsz
Auny.

oo noo  amesein
s s omessn
Race

[— o omesim
P — woo  asaanen
e wao  osemn
ones o0y osemra
rp—

- Bo emenam
. o esesma
e mon  oromten

s mgumsourer 11405

g no
Fary ncame
o noy
o won
Oty suplamants akon
- won
- an
Smoking s
o won
ot 09
Fame 00
Myperiansion
- a3
oisbotos
- woon
Prnn——

mon
- oo
stoto
- mon
- 2o
oty mass ndstigma)
s won

onesom
ompsz

oo
ow@uz

ososom
ompay

ompaom
s

omeaman

onwama

omwamon
pryery

oss@smon
ome

o1201002506080071 1014120
“EecONC)





OPS/images/fnut-11-1387802-t001.jpg
PD (n =192) p-value

Sex, n (%) 0.991
Male 9,903 (49.0) 9,809 (49) 94(49)

Female 10,308 (51.0) 10,210 (51) 98 (51)

Age (year), Mean (SD) 595123 5954122 6614122 <0.001
Race/ethnicity, n (%) <0001
Non-Hispanic white 9432 (46.7) 9,304 (46.5) 128 (66.7)

Non-Hispanic black 4356 (21.6) 4328 (21.6) 28(146)

Mexican American 2763 (137) 2747 (13.7) 16(8.3)

Others. 3,660 (18.1) 3,640 (18.2) 20 (10.4)

Education level (year), 1 (%) 0553
< 2430 (12.0) 2,405 (12) 2513)

9-12 7517 (37.2) 7440 (37.2) 77 (40.1)

12 10264 (50.8) 10,174 (50.8) 90 (46.9)

Marital status, 1 (%) 0409
Married or living with a partner 12,581(622) 12467 (623) 114(59.4)

Living alone 7,630 (37.8) 7,552 (37.7) 78 (40.6)

Family income, n (%) 0,003
Low 5:832(289) 5759 (28.8) 73(38)

Medium 7.722(38.2) 7647 (38.2) 75 (39.1)

High 6,657 (32.9) 6,613 (33) 44(229)

Dietary supplements taken, 1 (%) 11,584 (57.3) 11,456 (57.2) 128 (66.7) 0.008
Smoking status, 1 (%) 0.981
Never 10341 (51.2) 10242 (51.2) 99 (51.6)

Current 6.129(30.3) 6072(303) 57(29.7)

Former 3,741 (18.5) 3705 (18.5) 36 (18.8)

Body mass index (kg/m?), 7 (%) 065
<25 5,083 (25.1) 5032 (25.1) 51(26.6)

225 15,128 (749) 14,987 (74.9) 141 (73.4)

Hypertension, 1 (%) 8,040 (39.8) 7,932 (39.6) 108 (56.2) <0.001
Diabetes, 7 (%) 3747 (18.5) 3,704 (18.5) 43 (22.4) 0.167
Coronary heart disease, 1 (%) 1,222(6.0) 1,204 (6) 18.(9.4) 0.052
Stroke, 7 (%) 1,108 (5.5) 1,087 (5.4) 21(10.9) <0.001
Calorie consumption (kcal/d), Mean  SD 1955.04798.0 1955.447983 1917.74766.7 0515
Protein consumption (g/d), Mean £ SD 7714340 772340 719£297 0,031
Carbohydrate consumption (g/d), Mean 5D 23631015 236241015 239741017 0643
Fat consumption (g/d), Median (IQR) 68.4(48.6,94.0) 68.4(48.6,94.0) 67.8(48.4,89.7) 0.736
niacin consumption (mg/d), Mean +SD 2364117 2362117 214287 0,009

Fat consumption expressed as median (IQR) and rest continuous variables are expressed as mean £ SD.





OPS/images/fnut-11-1387802-t004.jpg
Niacin (per 10 mg/d)

Variable n.event_%

OR (95%Cl) p-value
Unadjusted 20,022 190 (0.9) 082 (0.71-0.95) 0.009
Model 1 20,022 190 (0.9) 0.83(0.71-0.98) 0.026
Model 2 20022 190 (0.9) 077 (0.6-0.99) 0.041
Model 3 20,022 190 (0.9) 077 (0.6-0.99) 0042

Model 1: adjusted for RIAGENDR, age, and race.

Model 2: adjusted for RIAGENDR, age, race, edu, marital, PIR, supp, smoke, energy, protein, carbohydrate, fat, and BML

Model 3: adjusted for RIAGENDR, age, race, edu, marital, PIR, supp, smoke, energy, protein, carbohydrate, fat, BMI, hypertension, DM, CHD, and stroke.
Cl, confidence interval; OR, odds ratios.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between dietary niacin intake and risk of Parkinson’s disease in US adults: cross-sectional analysis of survey data from NHANES 2005–2018



		1 Introduction



		2 Materials and methods



		2.1 Data source



		2.2 Diagnosis of PD



		2.3 Dietary niacin intake



		2.4 Covariates assessment



		2.5 Statistical analyses









		3 Results



		3.1 Study population



		3.2 Demographic characteristics



		3.3 Relationship between dietary niacin intake and PD risk



		3.4 Subgroup analyses



		3.5 Sensitivity analyses









		4 Discussion



		5 Conclusion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		References



















OPS/images/fnut-11-1387802-g001.jpg
70,488 Participants who completed

26,543 participants aged 40 years or
olded

the interview
43,945 Participants who less than
> 40 years old
A 2

v

20,211 Final population

6332 Excluded21 pregnant
women
3008 participants with missing
data for dietary niacin intake
3303 participants with missing
data for covariates

I

i

192 with Parkinson's
disease

¥

20019 without
Parkinson's disease






OPS/images/fnut-11-1387802-g002.jpg
Odds Ratio of PD.trans

100 4

P for pon-iinearity: 0,232






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

Association between dietary
niacin intake and risk of
Parkinson'’s disease in US adults:
cross-sectional analysis of survey
data from NHANES 2005-2018












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






