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Background: Chronic kidney disease (CKD), a significant health challenge in the United States, often progresses from asymptomatic conditions to advanced stages and exhibits a higher prevalence among male individuals. Niacin is known for its metabolic and antioxidant roles, potentially influencing CKD progression. The association between niacin intake and CKD has been rarely investigated in male participants.

Methods: This cross-sectional study utilized data of 13,946 male participants aged above 18 years from the National Health and Nutrition Examination Survey (NHANES) 2005–2018. CKD was diagnosed by albumin-to-creatinine ratio (ACR) and estimated glomerular filtration rate (eGFR). The niacin intake was recorded according to two 24-h dietary recalls. The association between niacin intake and CKD in male participants was examined using weighted logistic regression models, restricted cubic splines, and stratified analyses.

Results: The prevalence of CKD was 17.07%. There was a prominent non-linear relationship between niacin intake and CKD (p-non-linear < 0.05). The inflection point for niacin intake was 26.79 mg (p for log-likelihood ratio < 0.05). The adjusted odds ratios (ORs) for the highest quartile of niacin intake and CKD were 0.752 (95% confidence interval [CI]: 0.591–0.959). In addition, race, body mass index (BMI), and cardiovascular disease (CVD) were significantly associated with this relationship (p for interaction < 0.05). However, poverty-to-income ratio (PIR), education level, smoking status, alcohol consumption, hypertension, and diabetes were not statistically significantly associated with the relationship between niacin intake and CKD in male patients (p for interaction > 0.05).

Conclusion: In male patients, the niacin intake will reduce the risk of CKD.
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1 Introduction

Chronic kidney disease (CKD) is an irreversible disease with high mortality and numerous complications, which ranks as the principal leading cause of mortality in the United States (1, 2). The overall crude prevalence of CKD increased from 12.9% between 2001 and 2004 to 13.9% between 2017 and March 2020 (3). Symptoms of CKD typically do not appear or are not noticeable in early stages, and typical complications of renal insufficiency only occur in the later stages. In addition, CKD significantly increases the risk of kidney failure, stroke, and heart attack (4). Currently, CKD is treated with dietary therapy, pharmacotherapy, dialysis, and renal transplant, among which dialysis is the treatment for the final stage. However, it can lead to hypotension and increase the risk of heart conditions (5). Therefore, prevention, screening, and treatment of CKD are crucial.

The prevalence of CKD among female participants is twice as high as that among male participants in France, Thailand, and Turkey. However, male participants account for approximately 60% of the end-stage renal disease (ESRD) population, representing a higher proportion than female participants do (6, 7). A 10-year follow-up study among Norwegian participants indicates that the risk of mortality is 1.30 times higher for male than for female participants (7). Therefore, focusing on the male population is crucial to explore the impact of CKD and improve the prognosis and outcomes for male CKD patients.

Niacin (Vitamin B3), a nutritional precursor for nicotinamide adenine dinucleotide (NAD) and NAD phosphate, is involved in cellular reactions, energy metabolism, and redox reactions (8).

A cross-sectional study revealed that daily niacin intake may play a potential role against non-alcoholic fatty liver disease (NAFLD), and participants who consumed over 22 mg of niacin had a lower risk of NAFLD than those with niacin intake of < 16.4 mg (9). Pan et al. investigated the association between niacin intake and the risk of all-cause mortality and cardiovascular disease (CVD) mortality in NAFLD individuals. They demonstrated that higher niacin intake was associated with a lower risk of all-cause mortality, but not with CVD mortality (10). The lack of niacin intake during pregnancy would elevate the risk of congenital anomalies in the offspring (11). When niacin intake is under 36 mg/day, the higher niacin intake decreases the risk of depression (12). The existing research study has shown that the OS can lead to severe mitochondrial damage, resulting in oxidative damage to renal cells (13). The energy metabolism of CKD populations is lower than normal levels (14). Therefore, OS negatively affects CKD progression as it exacerbates the condition of CKD. Nonetheless, there is a dearth of research on the direct association between niacin intake and CKD.

This study aims to explore the association between niacin intake and CKD in male participants from the National Health and Nutrition Examination Survey (NHANES).



2 Materials and methods


2.1 Study population

This study is based on data from NHANES 2005–2018. NHANES is a nationally representative survey of the US civilian non-institutionalized population. It is an ongoing survey using a probability-based sampling method to select the participants. NHANES has received approval from the Ethics Review Committee of the National Center for Health Statistics, and all participants have submitted written informed consent forms. The statistics are accessible at https://www.cdc.gov/nchs/nhanes/.

Among 70,190 participants from NHANES 2005–2018, individuals were excluded for the following reasons: (1) incomplete CKD data (N = 14,471), (2) missing niacin intake data (N = 14,528), (3) missing covariate data on body mass index (BMI) (N = 333), smoking status (N = 7397), alcohol consumption (N = 1,693), hypertension (N = 3), CVD (N = 959), race (N = 2,441), and education level (N = 11), and (4) female sex (N = 14,408). Finally, this research included 13,946 participants (Figure 1).
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FIGURE 1
 Flowchart of sample selection from NHANES 2005–2018.




2.2 CKD (outcome)

CKD was defined by albumin-to-creatinine ratio (ACR) and estimated glomerular filtration rate (eGFR). The ACR was estimated using the ratio of urine albumin to creatinine. eGFR was calculated using the CKD Epidemiology Collaboration algorithm (15):
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where Scr denotes the serum creatinine concentration, κ is 0.7 for female participants and 0.9 for male participants, and α is −0.329 for female participants and −0.411 for male participants. The patients diagnosed with CKD were defined according to ACR of ≥ 30 mg/g or eGFR of ≤ 60 mL/min/1.73 m2.



2.3 Niacin intake (exposure)

NHANES collected dietary information through 24-hour recall interviews at the Mobile Examination Center (MEC). This study estimated the niacin intake of the participants through two reliable 24-hour recall intakes or one considered reliable single recall, excluding supplements and medications. Then, the intake of niacin is a continuous variable, with the unit being mg. Then, niacin intake was divided into quartiles from lowest (Q1) to highest (Q4), which are Q1: 0–21.483 mg, Q2: 21.483–28.521 mg, Q3: 28.521–37.098 mg, Q4: 37.098 mg or more.



2.4 Covariate

The covariates included age, race, poverty-to-income ratio (PIR), education level, smoking status, consuming alcohol, body mass index (BMI), hypertension, diabetes, and CVD. Age is a continuous variable, ranging from 20 to 85 years. The race categories included Mexican–American, other Hispanic, non-Hispanic white, non-Hispanic Black, and others. The education level was classified as under high school, high school, and college. PIR encompassed three categories: ≤1.3, 1.3–3.5, and >3.5 (16). Smoking status was categorized as non-smoker, former smoker, and current smoker. Participants who were categorized as non-smokers were categorized as having smoked <100 cigarettes in their lives. Participants who were categorized as former smokers were categorized as having smoked >100 cigarettes but were not currently smoking. Current smokere were categorized as having smoked >100 cigarettes and were still smoking. Alcohol consumption status was categorized as having at least 12 alcoholic drinks per year or not. BMI was categorized as underweight (<25 kg/m2), normal weight (25–30 kg/m2), and overweight (≥30 kg/m2) (17). Participants were defined as having hypertension if they (1) had been told by the doctor that they had hypertension, (2) took an antihypertensive prescription, or (3) had systolic pressure of > 130 mm Hg or diastolic pressure of >80 mm Hg. Participants were defined as having diabetes if they (1) had been informed by a healthcare provider that they had diabetes, (2) took oral diabetic pills or insulin, (3) had fasting blood glucose of >126 mg/dL, or (4) had random blood glucose of >11.1 mmol/L or glycated hemoglobin HbA1c of >6.5% (18). CVD was defined as a combination of five self-reported conditions: congestive heart failure, coronary heart disease, heart attack, angina pectoris, and stroke (19).



2.5 Statistical analysis

Given the complex sampling design of the NHANES dataset, appropriate weights from the first and second days of dietary data were used. All continuous variables were presented as medians, first quartiles, and third quartiles. The categorical variables were presented as frequency and weighted percentage (%). To examine differences in the characteristics between CKD and non-CKD participants, the Mann–Whitney test was used for continuous variables, while the chi-squared (χ2) test was used for categorical variables. Three different models were constructed using weighted multivariate logistic regression analysis (LRA) to determine the association between niacin intake and CKD in males. Niacin intake was analyzed as a continuous variable and as a categorical variable divided into quartiles. Trend analysis was performed using the Wald test. Model 1 was unadjusted with no covariates. Model 2 adjusted for race, age, education level, and PIR. Model 3 was further adjusted for smoking status, alcohol consumption, BMI, hypertension, diabetes, and CVD based on Model 2. The association between niacin intake and CKD in male participants was assessed using odds ratios (ORs) and 95% confidence intervals (CIs). Then, restricted cubic spline (RCS) regression was employed to examine the potential non-linear association. Finally, subgroup analyses stratified by all categorical covariates were conducted. In addition, hyperuricemia was included in the “Sensitivity analysis” section, and the primary analysis was repeated to verify the robustness of the results. All statistical analyses used RStudio (R version 4.4.0), with a p-value of < 0.05 implying statistical significance (R Foundation and R Core Group, New Zealand).




3 Results


3.1 Baseline characteristics

A total of 13,946 participants were enrolled, with a median age of 46 years, and 17.07% of the participants had CKD.

Baseline characteristics of CKD and non-CKD individuals are presented in Table 1. The differences in age, race, education, PIR, smoking status, alcohol consumption, BMI, hypertension, diabetes, and CVD were statistically significant (p < 0.05). Compared to individuals without CKD, CKD patients tended to be elderly, to be non-Hispanic, to have less than a high school, to have a PIR of < 3.5, to be former smokers, to have a BMI of ≥30 kg/m2, to have hypertension, and to have CVD.



TABLE 1 Participant sociodemographic characteristics in NHANES cycles: 2005–2018.
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3.2 Association between niacin intake and CKD in male participants

As shown in Table 2, weighted LRA indicated a significant association between niacin intake and CKD in male participants across Model 1 [OR: 0.973 (0.967–0.979)], Model 2 [OR: 0.991 (0.985–0.997)], and Model 3 [OR: 0.993 (0.987–0.999)]. Quartile 4 of niacin intake demonstrated a prominent association with the risk of CKD in Model 2 (Q1 vs. Q4, 0.752 [95% CI: 0.591–0.959], p < 0.05).



TABLE 2 Weighted LRA models of the association between niacin and CKD in males.
[image: Table2]

For niacin quartiles, higher intake generally demonstrated a trend toward lower odds of CKD among male participants, particularly in Model 1 and Model 2. In Model 2, participants in Quartile 4 were associated with a 27.8% reduced risk of CKD compared to those in Quartile 1 (p < 0.05).



3.3 Analysis of RCS regression

RCS regression revealed an L-shaped association between niacin intake and CKD in male participants (Figure 2). A non-linear relationship between niacin intake and CKD in male participants was observed (p-non-linear < 0.05). The inflection point for niacin intake was 26.79 mg (p for log-likelihood ratio < 0.05) (Table 3). When niacin intake was <26.79 mg, a 1-unit increase in niacin was associated with a 2.2% reduction in the adjusted OR for CKD (OR: 0.978; 95% CI: 0.963, 0.994). When niacin intake was >26.79 mg, no significant association with CKD observed (OR: 0.999; 95% CI: 0.991, 1.008).

[image: Figure 2]

FIGURE 2
 Association between niacin intake and CKD in male participants. Adjusted for age, race, education level, PIR, smoking status, alcohol consumption, BMI, hypertension, diabetes, and CVD. The solid line denotes the estimated values. The light color part denotes their corresponding 95% CIs.




TABLE 3 Threshold effect analysis of niacin intake on CKD in male participants.
[image: Table3]



3.4 Stratified analyses

Further subgroup analysis unraveled that the connection between niacin intake and CKD in male individuals was not consistent (Table 4). Significant interactions were revealed between niacin intake and race, BMI, and CVD, indicating the association between niacin intake and CKD across these subgroups (p < 0.05). The association between niacin intake and CKD in male individuals was not statistically significantly different across strata, indicating that education level, PIR, smoking status, alcohol consumption, hypertension, and diabetes did not significantly influence this negative association (p for interaction > 0.05). Higher niacin intake (Quartile 4) was significantly associated with a reduced risk of CKD in the following subgroups: Mexican–American (OR: 0.510; 95% CI: 0.302, 0.861), non-Hispanic white (OR: 0.695; 95% CI: 0.504, 0.958), non-smokers (OR: 0.646; 95% CI: 0.432, 0.965), alcohol consumers (OR: 0.763; 95% CI: 0.587, 0.993), individuals with a BMI between 25 and 30 (OR: 0.631; 95% CI: 0.141, 0.961), those with a BMI of ≥ 30 (OR: 0.675; 95% CI: 0.468, 0.973), and individuals with diabetes (OR: 0.543; 95% CI: 0.357, 0.824).



TABLE 4 Subgroup analysis.
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3.5 Sensitivity analysis

After further adjustment for hyperuricemia, niacin intake remained significantly associated with a reduced risk of CKD [OR: 0.994, 95% CI: 0.988, 0.999] (Appendix Table 1).




4 Discussion

This cross-sectional study found that higher niacin intake was associated with a lower risk of CKD in male individuals. This association was not similar in subgroup analyses and interaction tests. A U-shaped relationship between niacin intake and CKD in male individuals was revealed. The inflection point was 26.79 mg, below which the higher niacin intake was significantly associated with a lower risk of CKD. In addition, niacin intake demonstrated significant interactions with race, BMI, and CVD in the presence of CKD.

Previous epidemiological studies have observed the association between niacin intake and kidney condition. A cross-sectional study in Mexico demonstrated that niacin intake was deficient for peritoneal dialysis patients under normal nutrition and malnutrition of any grade. Therefore, according to Dietary Reference Intakes, supplementing with niacin to compensate for losses during dialysis was recommended (20). A longitudinal study in the Netherlands revealed that niacin intake was a key factor in reducing mortality among kidney transplant recipients (21). Therefore, niacin intake appeared to be a significant indicator of CKD. A randomized controlled trial allocated 66 participants into the intervention and treatment control groups to investigate the impact of dietary status on CKD in clinical parameter outcomes. Although niacin intake in the intervention group was notably increased, CKD did not show a significant improvement (22), indicating no effect of nutritional supplements on CKD. The 3-month follow-up period may be too short, and a longer follow-up could potentially yield different results. Conversely, a cross-sectional study in Japan investigated the relationship between vitamin intake and CKD at the genetic level among the middle-aged population. It demonstrated a significant protective effect of niacin intake against CKD in the minor homozygotes of rs883484 (23). Bongarzone et al. used positron emission tomography to imagine niacin trafficking in rats, demonstrating a rapid radioactivity accumulation in the kidney, heart, eyes, and liver following the intravenous administration of [11C] niacin. In addition, niacin intake increased urine excretion in mice (24), indicating the benefit of niacin intake for CKD. Our findings suggest that high niacin intake has an association with a decreased risk of CKD.

Our study also identified an L-shaped association between niacin intake and CKD, with a breakpoint at 26.79 mg. A negative association was presented on the left side, but no association existed on the right side, implying a substantial threshold impact of niacin intake and CKD in male participants. According to the recommendation of the US Food and Nutrition Board, the upper limit of niacin intake was 35 mg daily (8). Long-term excessive niacin intake may increase the risk of adverse effects, such as liver toxicity and lipid metabolism disorders. This elevated intake could exacerbate CKD risk by potentially causing additional stress on the kidneys and interfering with metabolic homeostasis. When the niacin intake was less than 26.79 mg, it remained within the range of beneficial effects without causing harm. Several studies have also discussed the inflection point of niacin intake. From a cross-sectional study of migraine, the inflection point of niacin intake was 21 mg. When niacin intake was below 21 mg, a 1-unit increase in niacin intake was associated with a 2.5% risk of migraine (25). A study of depression indicated that the inflection point for niacin intake was 26.6 mg/day, revealing a negative association with depression when niacin intake was <26.6 mg/day and a positive association with depression when niacin intake was > 26.6 mg/day (26).

Based on the stratified analysis, we observed a protective effect of niacin intake (≥ 37.098) in male patients with CKD from Quartile 4, particularly among those with diabetes.

A cross-sectional study demonstrated that niacin intake had protective effects against diabetes when niacin intake was >15.01 mg (27). Another study revealed that high dietary niacin intake was positively associated with diabetes (28). Diabetes was a leading contributor to ESRD, heart disease, stroke, and liver cirrhosis. Diabetic kidney disease was also prevalent in individuals with type-2 diabetes (29). Therefore, sufficient niacin intake could protect against CKD, especially in those with diabetes. This finding highlighted the potential importance of dietary niacin intake in managing CKD risk in vulnerable populations. Further research is warranted to explore these associations and confirm the protective effects of niacin intake.

Our study revealed essential interactions between niacin intake and CKD risk across several subgroups, including race, BMI, and CVD status. These findings suggest that the association between niacin intake and CKD is inconsistent across all individuals. Specifically, higher niacin intake (Quartile 4) was significantly associated with a reduced risk of CKD in the following subgroups: Mexican–American individuals, non-Hispanic white individuals, and individuals with a BMI between 25 and 30 or over 30. This finding highlights that race and BMI are potential modifiers in the effects of niacin on CKD risk. For instance, in Mexican–Americans and non-Hispanic Whites, niacin intake was consistently associated with a lower risk of CKD, potentially reflecting racial/ethnic differences in metabolic pathways or dietary patterns. Similarly, individuals with a BMI between 25 and 30 and those with a BMI greater than 30 showed a significant reduction in CKD risk after higher niacin intake. This finding could be attributed to the fact that obesity is a known risk factor for CKD, and the potential metabolic and antioxidant effects of niacin may be particularly beneficial in this population. In addition, significant associations were observed in individuals with diabetes, a group that is at higher risk for developing CKD. Higher niacin intake in individuals with diabetes was associated with a reduced risk of CKD, suggesting that niacin might have protective effects against CKD in this vulnerable population. This finding aligns with that of previous studies, suggesting the potential benefits of niacin intake in managing kidney diseases in patients with diabetes. Furthermore, niacin deficiency may have implications beyond kidney disease, particularly in perioperative settings. Malnourished or frail patients are more susceptible to postoperative complications, and micronutrient deficiencies, including niacin, should be considered during preoperative assessment. A recent multicenter prospective study demonstrated the prognostic value of comprehensive malnutrition screening tools in surgical patients, underscoring the importance of nutritional status in perioperative outcomes (30).

This study has several advantages. First, the NHANES dataset employed a complex probability-based sampling design, and the sample size was sufficiently large to avoid selection bias. Second, the covariates used were suitable and enhanced the reliability of the conclusion. However, there are potential limitations. First, for the NHANES dataset, the questionnaire and interview are self-reported, and participants may provide inaccurate responses, possibly due to recall bias. The information bias will affect the measurement of niacin intake, potentially leading to overestimation or underestimation of the relationship between niacin intake and CKD in male participants. Second, the cross-sectional design limits the assessment of the causal relationship between niacin intake and CKD. Third, due to the limited clinical detail available in the NHANES dataset, we were unable to explicitly exclude participants with CKD caused by other etiologies such as renal autoimmune diseases (e.g., lupus nephritis), nephritic or nephrotic syndromes, or chronic kidney stones. These conditions may independently influence kidney function and act as confounding factors in our analysis. This limitation should be considered when interpreting the findings.



5 Conclusion

In conclusion, our study illustrates that dietary niacin intake is negatively associated with CKD risk in male participants. Diets rich in niacin content are essential for CKD management. Since niacin intake is a simple and feasible indicator of CKD in male participants, increasing niacin intake may be a cost-effective strategy to reduce CKD risk in male participants. However, larger longitudinal and interventional studies are needed to quantify the preventive and therapeutic benefits of dietary niacin intake for CKD management in clinical practice.
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