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Introduction

Gout is a common type of inflammatory arthritis. Vitamin C is a potent antioxidant that neutralizes reactive oxygen species. However, the association between dietary vitamin C levels and gout remains unclear. This study evaluated the relationship between dietary vitamin C intake and gout.





Methods

Cross-sectional data from individuals aged > 20 years who participated in the National Health and Nutrition Examination Survey between 2013 and 2018 were collected. Details on gout, dietary vitamin C intake, and several other essential variables were recorded.





Results

There were 12589 participants, 5% (652/12589) of whom experienced gout. Compared with individuals with lower vitamin C consumption in the Q1 group (≤19.9 mg/day), the adjusted odds ratio(OR)values for dietary vitamin C intake and gout in the Q2 group (19.9–49.7 mg/day), Q3 group (49.7–110.375 mg/day), and Q4 group (≥110.375 mg/day) were 0.87 (95% confidence interval (CI): 0.69–1.1, P = 0.237), 0.81 (95% CI: 0.64–1.02, P = 0.076), and 0.77 (95% CI: 0.6–0.99, P= 0.042), respectively. Accordingly, the association between dietary vitamin C intake and gout exhibited an L-shaped curve (nonlinear, P = 0.245) in a restricted cubic spline. Subgroup analysis revealed significant interactions between vitamin C levels and gout according to sex (P < 0.05). When we used data on dietary vitamin C from the second survey, we observed a similar inverse association between vitamin C intake and gout. The vitamin C was also negatively associated with hyperuricemia (OR, 0.94; 95% CI, 0.9–0.98, P=0.005). Compared with Q1, the adjusted OR values for dietary vitamin C and hyperuricemia in Q2, Q3, and Q4 were 0.77 (95% CI: 0.69–0.86, P = 0.65), 0.81 (95% CI: 0.72–0.91, P = 0.014), and 0.72 (95% CI: 0.64–0.81, P < 0.001), respectively. No association was observed between vitamin C supplementation and gout.





Conclusion

The population-based data indicate that dietary vitamin C intake is inversely associated with gout. These findings support the potential role of vitamin C in preventing gout.
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1 Introduction

Gout is a prevalent form of inflammatory arthritis, characterized by the deposition of monosodium urate crystals in the joints and tissues, affecting over 5% of males in the United States and leading to increasing hospitalization rates in the US and Canada (1). Gout presents recurrent excruciating flares, increasing the risk for heart attacks (2), strokes, and debilitating arthritis if left untreated (3). The etiology of gout is multifaceted, involving genetics, diet, and lifestyle. Recent studies (4–6) have explored the potential role of micronutrients such as vitamin C in managing and preventing hyperuricemia and subsequent gout flares.

Vitamin C (ascorbic acid) is a potent water-soluble antioxidant known to scavenge free radicals and reduce oxidative stress. It is implicated in the onset and exacerbation of inflammatory diseases, including gout. The antioxidant properties of vitamin C may help to mitigate the oxidative breakdown of purines in the body, a metabolic process that significantly contributes to the total uric acid pool. By potentially reducing the rate of purine metabolism, vitamin C can indirectly reduce uric acid production. Molecular research suggests vitamin C can dissolve urate crystals (7) and has antioxidant functions.

Moreover, vitamin C can influence the activity of urate transporters such as urate transporter 1(URAT1) and sodium-dependent anion cotransporters, which are involved in the reabsorption of uric acid in the proximal tubules of the kidneys (8, 9). Third, increased consumption of vitamin C may potentially enhance kidney function and increase the glomerular filtration rate (4), thereby enhancing urate excretion in the urine (10). Both human and animal studies indicate that administering vitamin C boosts renal plasma flow and glomerular filtration rate while mitigating increases in arterial pressure (11). Finally, vitamin C inhibits urate-induced inflammation by acting as an antioxidant. It can inhibit the activity of the thioredoxin-interacting protein (TXNIP) in nuclear factor kappa B (NF-κB) signaling, which is involved in the activation of the NLR family pyrin domain containing 3 inflammasomes (NLRP3), a key mediator of urate-induced inflammation (12). These mechanisms contributed to the overall reduction in uric acid levels observed following vitamin C supplementation.

Currently, evidence regarding the association between dietary vitamin C levels and gout is insufficient. Given the potential link between dietary vitamin C and gout, we hypothesized that dietary vitamin C exerts a protective effect against gout development. Therefore, this study aimed to investigate the impact of changes in dietary vitamin C levels on gout in a large population.




2 Materials and methods



2.1 Study population and data collection

This cross-sectional study used NHANES data from 2013–2018, administered by the Centers for Disease Control and Prevention (CDC). The NHANES aims to assess the health and nutritional status of non-institutionalized Americans using a stratified multistage probability survey (13). Data collection included demographic details, health assessments, and laboratory tests via a mobile examination center (MEC) with ethical approval from the National Center for Health Statistics (NCHS) Ethics Review Committee. Written informed consent was obtained from all the participants. The NHANES data was accessed from their website (http://www.cdc.gov/nchs/nhanes.htm) (accessed March 1, 2022). Our study included individuals aged > 20 years who completed the interviews. Pregnant females or those with missing data on gout, dietary vitamin C intake, or covariates were excluded.




2.2 Vitamin C intake measurement and outcomes

Vitamin C intake from the first survey in the NHANES database is measured through a 24-hour dietary recall conducted during the participant’s initial visit to the MEC. In this face-to-face interview, trained dietary interviewers used the automated multiple-pass method (AMPM) to collect detailed information about all foods and beverages consumed by the participants in the previous 24 hours. Nutrient content, including vitamin C, was calculated using the food composition database. These data represent participants’ vitamin C intake from food and beverages during the first survey.

Vitamin C intake from the second survey was measured through a second 24-hour dietary recall, usually conducted via telephone, a few days after the initial interview. The process mirrored the first survey, with interviewers using the AMPM again to collect detailed dietary information about the participants’ consumption over the previous 24 hours. Vitamin C content was calculated using the same food composition database, measuring vitamin C intake from a different time point. This helped account for day-to-day variability in the participant’s diet. Vitamin C comprises dietary vitamin C, and supplemental Vitamin C. Subjects were categorized into four groups according to dietary vitamin C intake.

During the home interviews, all participants were asked, “Has a doctor or other health professional ever informed you that you had gout?” Participants who answered “yes” were defined as gout. Serum uric acid (SUA) concentration was measured at the NHANES Laboratory for all three cycles. Hyperuricemia was defined as an SUA concentration >6mg/dL (14).




2.3 Covariates

A range of potential covariates were evaluated based on the existing literature (15–17), encompassing age, sex, marital status, race/ethnicity, education level, family income, smoking habits, physical activity levels, hypertension, diabetes, coronary heart disease, alcohol consumption, and dietary supplement usage. Race/ethnicity was stratified into non-Hispanic White, non-Hispanic Black, Mexican American, and other ethnic groups. Marital status was categorized as married, cohabiting, or living alone. Education level was divided into less than 9 years, 9–12 years, and more than 12 years, following the guidelines of a US government report. Family income was classified into three groups based on the poverty income ratio (PIR): low (PIR ≤ 1.3), medium (PIR > 1.3 to 3.5), and high (PIR > 3.5). Smoking status was defined as never smoker (smoked less than 100 cigarettes), current smokers, or former smokers (ceased smoking after consuming > 100 cigarettes), in line with established definitions from previous research. Physical activity levels were categorized as sedentary, moderate (at least 10 min of light activity resulting in mild-to-moderate sweating or increased breathing/heart rate within the last 30 days), and vigorous (at least 10 min of activity resulting in profuse sweating or increased breathing/heart rate within the last 30 days). A history of hypertension, diabetes, and coronary heart disease was determined based on self-reported physician-diagnosed conditions. Alcohol drinking status was determined using the survey question “In any 1 year, have you had at least 12 drinks of any type of alcoholic beverage?” Participants who answered “yes” were classified as alcohol drinkers. Dietary supplement usage was ascertained by querying participants about the nutritional supplements and medications taken in the past month.




2.4 Statistical analysis

This study constituted a secondary analysis of publicly available datasets. Categorical variables were presented as percentages (%), while continuous variables are summarized using the mean (standard deviation, SD) or median (interquartile range, IQR), as applicable. Group differences were assessed using one-way analysis of variance (for normally distributed data), the Kruskal–Wallis test (for skewed distributions), and the chi-square test (for categorical variables). Logistic regression models were used to ascertain the odds ratios (ORs) and corresponding 95% confidence intervals (CIs) to examine the association between dietary vitamin C intake and gout. Model 1 was adjusted for sociodemographic factors, including age, sex, race/ethnicity, marital status, education level, and family income. Model 2 is adjusted for complications. Model 3 was fully adjusted and incorporated sociodemographic characteristics, smoking status, physical activity, hypertension, diabetes, coronary heart disease, alcohol consumption, and dietary supplement use.

Additionally, restricted cubic spline (RCS) regression was conducted using four knots at the 5th, 35th, 65th, and 95th percentiles of dietary vitamin C consumption. This analysis aimed to evaluate the linearity and explore the dose-response relationship between dietary vitamin C consumption and gout. The RCS model was adjusted for the covariates included in the logistic regression models to ensure consistency in the analysis.

Moreover, potential effect modifications on the association between dietary vitamin C and gout were examined, encompassing the following factors: sex, age (20–65 years vs. >65 years), family income (low vs. medium or high), hypertension (yes vs. no), coronary heart disease (yes vs. no), and alcohol consumption (yes vs. no). Subgroup heterogeneity was assessed using multivariate logistic regression, and the interactions between subgroups and dietary vitamin C intake were investigated using likelihood ratio testing.

Several sensitivity analyses were conducted to verify the robustness of the findings. First, we conducted a sensitivity analysis that excluded participants with extreme vitamin C intake (>1000 kcal per day). Second, In NHANES, there were multiple surveys related to vitamin C intake, including total intake from the first survey, total intake from the second survey, and intake as a dietary supplement. We further explored the association between vitamin C (based on the second survey) and gout as well as the association between vitamin C (based on dietary supplements) and gout. Third, owing to the close association between gout and hyperuricemia, we explored the relationship between vitamin C levels and hyperuricemia.

We supplemented our analysis by reporting the likelihood ratios for each regression model and conducted a detailed comparison of the models based on the AIC, BIC, and log-likelihood metrics.





3 Results



3.1 Study characteristics

In total, 29400 participants completed the interview, of whom 12343 participants were aged less than 20 years. We excluded pregnant females (n = 190), those with missing data on migraine (n = 652), those with missing data on dietary vitamin C intake (n = 2251), and those with covariates (n = 2006). Ultimately, this cross-sectional study included 12589 participants from the NHANES between 2013 and 2018. The detailed inclusion and exclusion criteria are presented in Figure 1.




Figure 1 | The study’s flow diagram.



Table 1 presents the characteristics of 12,589 adults from NHANES between 2013 and 2018, categorized by dietary vitamin C intake quartiles: Q1 (≤19.9 mg/day), Q2 (19.9-49.7 mg/day), Q3 (49.7–110.375 mg/day), and Q4 (≥110.375 mg/day). The average age was 49.9 ± 17.5 years, with a significant difference across quartiles (P < 0.001). Age increased from 48.3 ± 17.3 years in Q1 to 50.3 ± 17.6 years in Q4. The sex distribution varied, with males comprising 48.9% of Q1 and 53% of Q4 (P < 0.001). Regarding marital status, 59.7% were married or living with a partner, with higher proportions in Q3 and Q4. Regarding race/ethnicity, the proportion of non-Hispanic whites decreased from 44.4% in Q1 to 35.5% in Q4, whereas the percentage of Mexican Americans increased from 12.1% to 15.3% (P < 0.001). Educational and family income levels were significantly higher in Q4 than in Q1 (P < 0.001). Health conditions such as hypertension showed no significant variation across quartiles, whereas diabetes prevalence was the lowest in Q4 (12.1%, P < 0.001). Smoking status and dietary supplement use were positively associated with higher vitamin C intake. Physical activity levels indicated a greater proportion of sedentary lifestyles in the higher quartiles (P < 0.001).


Table 1 | Population characteristics by categories of dietary vitamin C intake.






3.2 Prevalence of gout by vitamin c intake quartiles

Participants were categorized into quartiles based on dietary vitamin C intake: Q1 (≤19.9 mg/day), Q2 (19.9–49.7 mg/day), Q3 (49.7–110.375 mg/day), and Q4 (≥110.375 mg/day). The prevalence of gout decreased across quartiles, with Q1 showing the highest percentage at 5.40% (169 participants) and Q4 showing the lowest at 4.60% (142 participants). The total number of participants was 3,177 in Q1, 3,142 in Q2, 3,148 in Q3, and 3,122 in Q4, indicating an inverse relationship between vitamin C intake and gout risk (Table 2).


Table 2 | Gout Incidence and Vitamin C Intake by Quartiles.






3.3 Relationship between dietary vitamin C intake and gout

Table 1 presents the OR and 95% CI for gout-related factors. Age showed a significant association (OR = 1.05, 95% CI: 1.04–1.06, P < 0.001), indicating a higher risk with increasing age. Females had a lower risk than males (OR = 0.39, 95% CI: 0.33–0.46, P < 0.001). Living alone was associated with a reduced risk compared to being married or living with a partner (OR = 0.83, 95% CI: 0.7–0.98, P = 0.027). Among racial/ethnic groups, Mexican Americans showed a significantly lower risk (OR = 0.51, 95% CI: 0.37–0.69, P < 0.001). Hypertension, diabetes, and coronary heart disease were strongly associated with a higher risk of gout, with ORs of 4.11, 3.44, and 4.27, respectively (all P < 0.001). Current smokers had a higher risk (OR = 2.52, 95% CI: 2.11–3.01, P < 0.001), while alcohol use and dietary supplement intake were also positively associated with gout risk (P = 0.002 and P < 0.001, respectively) (Table 3).


Table 3 | Association of covariates and gout risk.



Table 4 illustrates that after adjusting for other risk factors, there is a significant correlation between vitamin C intake and gout (OR = 0.88, 95% CI: 0.79–0.97, P = 0.015). When dietary vitamin C consumption was analyzed using quartiles, there was a significant inverse association between dietary vitamin C and gout after adjusting for potential confounders. Compared with individuals with lower vitamin C consumption in Q1 group (≤19.9 mg/day), the adjusted OR values for dietary vitamin C intake and gout in the Q2 group (19.9-49.7 mg/day), the Q3 group (49.7-110.375 mg/day), and the Q4 group (≥110.375 mg/day) were 0.87 (95% CI: 0.69–1.1, P = 0.237), 0.81 (95% CI: 0.64–1.02, P = 0.076), and 0.77 (95% CI: 0.6–0.99, P = 0.042) (Table 4), respectively. The association between dietary vitamin C intake and gout exhibited an L-shaped curve (nonlinear, P= 0.245) in RCS (Figure 2).


Table 4 | Association between dietary vitamin C (from the first survey) and gout.






Figure 2 | Association between dietary vitamin C intake and gout odds ratio. The solid and dashed lines represent the predicted values and 95% confidence intervals. Data were adjusted for sociodemographic factors (age, sex, marital status, race/ethnicity, education level, and family income), hypertension, diabetes, coronary heart disease, smoking status, physical activity, alcohol consumption, and dietary supplement intake.






3.4 Stratified analyses based on additional variables

In several subgroups, stratified analysis was performed to assess potential effect modifications in the relationship between dietary vitamin C and gout. Subgroup analysis revealed significant interactions between vitamin C levels and gout, notably influenced by sex, suggesting the need for tailored interventions for at-risk populations. No significant interactions were found in all subgroups after stratification by age, income, alcohol consumption, hypertension, and coronary heart disease (Figure 3). Considering multiple testing, a P value < 0.05 for the interaction of sex is statistically significant.




Figure 3 | Subgroup analysis between dietary vitamin C (per 100 mg/day) and gout. Except for the stratification component, each stratification factor was adjusted for age, sex, marital status, race/ethnicity, educational level, family income, hypertension, diabetes, coronary heart disease, smoking status, physical activity, alcohol consumption, and dietary supplement intake.






3.5 Sensitivity analyses

After excluding individuals with extreme vitamin C intake (≥1000 mg/day), 12584 individuals remained, and the association between vitamin C intake and gout remained stable (Supplementary Table 1). Compared with individuals with lower vitamin C consumption in Q1 group (≤19.9 mg/day), the adjusted OR values for dietary vitamin C intake and gout in Q4 group (≥110.375 mg/day) were 0.75 (95% CI: 0.59–0.95, P = 0.02).

In the univariate analysis, vitamin C (per 100mg/d) from the second survey is associated with gout (OR, 0.86; 95% CI 0.77–0.96, P = 0.01). After adjusting for all covariates, the association between vitamin C from the second survey and gout remained (OR, 0.81; 95%CI, 0.72–0.91, P < 0.001).

Compared with individuals with lower vitamin C consumption Q1 (≤19.9 mg/day), the adjusted OR values for dietary vitamin C from the second survey and gout in Q2 (19.9–49.7 mg/day), Q3 (49.7–110.375 mg/day), and Q4 (≥110.375 mg/day) were 0.95(95% CI, 0.74–1.21, P = 0.65), 0.73 (95% CI, 0.57–0.94, P = 0.014), and 0.64 (95% CI, 0.49–0.84, P = 0.001) (Supplementary Table 2), respectively.

The adjusted OR between dietary supplementation with vitamin C (per 100mg/d) and gout was 0.997 (95% CI, 0.964–1.031; P = 0.8602) (Supplementary Table 3).

Vitamin C was also negatively associated with hyperuricemia (OR, 0.94; 95% CI, 0.9–0.98, P = 0.005). Compared with Q1 group (≤19.9 mg/day), the adjusted OR values for dietary vitamin C from the first survey and hyperuricemia in Q2 group (19.9–49.7 mg/day), Q3 group (49.7–110.375 mg/day), and Q4 group (≥110.375 mg/day) were 0.77 (95% CI, 0.69–0.86, P = 0.65), 0.81 (95% CI, 0.72–0.91, P = 0.014), and 0.72 (95% CI, 0.64–0.81, P < 0.001) (Supplementary Table 4), respectively.




3.6 Model comparison and robustness

Supplementary Table 5 shows that, while Model 3 had a slightly higher BIC than Model 2, it performed the best in terms of AIC and log-likelihood, suggesting that Model 3 may be more suitable for our data.





4 Discussion

This large cross-sectional study on American adults demonstrated a significant inverse relationship between dietary vitamin C consumption and gout. Stratified analyses showed that the relationship between vitamin C consumption and gout remained robust. The inverse correlations between dietary vitamin C and gout were more significant in females than in males. Vitamin C levels are also negatively associated with hyperuricemia. However, dietary supplemental vitamin C was not associated with gout.

The influence of vitamin C’s influence on gout has been documented in only a few cases. Our results showed that participants with a higher intake of vitamin C exhibited a reduced risk of developing gout, which aligns with the findings of a previous study (18). The physicians’ Health Study II also suggested that 500 mg/day of vitamin C modestly reduced the risk of new gout diagnoses in middle-aged male physicians (19). However, our study extends these findings to a broader demographic group, including various ethnic groups, income groups, and both sexes.

MW et al. (6) demonstrated that the highest quartile of dietary VC intake was negatively associated with the risk of hyperuricemia in males. The potential of vitamin C to reduce the risk of hyperuricemia has also been suggested in a population-based study, in which greater vitamin C intake was associated with a lower prevalence of hyperuricemia (14) (SUA > 6 mg/dL). However, our study provides evidence from a large population that vitamin C supplementation may reduce the incidence of gout. Nevertheless, our study did not find evidence to support the efficacy of vitamin C beyond current pharmacological treatments. Therefore, it is important to emphasize that our results should not be interpreted as a reason to neglect urate-lowering therapies in adults who have previously experienced gout.

Despite consistency with previous research, our findings diverged from those reported by Stamp (20), who found no significant association between vitamin C intake and SUA levels in a pilot randomized controlled trial. This discrepancy could be attributed to differences in study design, population characteristics, or the range of vitamin C intake. Unlike the wide range of vitamin C levels in our study, Stamp et al. studied only the effect of vitamin C at a dose of 500 mg/day on uric acid levels. Moreover, Stamp recruited only 40 patients, possibly leading to different statistical biases.

Our study observed no clear association between supplemental vitamin C and gout. Previous intervention studies have also found that supplemental VC does not influence SUA levels (20, 21). First, the bioavailability of vitamin C in supplements may differ from that in natural food sources. Vitamin C in whole foods is often accompanied by other nutrients, such as bioflavonoids, which may enhance its antioxidant and anti-inflammatory effects, potentially making it more effective in preventing gout (22). Second, genetic variations in the pathways responsible for maintaining redox balance and vitamin C transportation correlate with serum vitamin C concentrations (23). Serum vitamin C levels tend to plateau at an intake threshold of approximately 200 mg/day; beyond this point, serum vitamin C concentrations do not increase with higher supplemental doses (23, 24). In essence, a combination of genetic factors and dietary intake dictate serum vitamin C levels, and additional vitamin C supplementation may not negatively correlate with SUA levels when the serum vitamin C levels are already elevated.

The findings revealed that the inverse correlation between dietary vitamin C intake and gout was more significant in females than in males. These results can be interpreted from several perspectives. First, there were notable differences in metabolism and hormone levels between females and males. Estrogen inhibits uric acid production and promotes its excretion, which may enhance the protective effects of higher vitamin C intake in females (25). Second, differences in dietary habits and lifestyles between sexes may also contribute to the observed results. For example, females may be more likely to maintain a balanced diet with adequate vitamin C intake, which could lead to a more pronounced effect of vitamin C in reducing gout risk (26). Third, female participants were more likely to engage in healthier lifestyle practices or meet the recommended nutritional standards, which might exaggerate the inverse relationship between vitamin C and gout (27). These factors need to be accounted for when interpreting the results as they could introduce bias into the findings.

One of the primary limitations of this study is its cross-sectional design, which inhibited the ability to establish causality between vitamin C intake and gout incidence. Longitudinal studies are needed to confirm these findings and better understand the temporal relationships. Additionally, while the NHANES provides a nationally representative sample of the U.S. population, the generalizability of these findings to other populations may be limited owing to cultural and dietary differences. Another limitation concerns potential residual confounding, as not all factors influencing the risk of gout, such as genetic predispositions or detailed dietary components, were fully accounted for. Fourth, dietary vitamin C intake was assessed via a 24-h recall, potentially introducing recall bias. Nevertheless, the food frequency survey offers less detailed information on food types and quantities than the 24-h recall (28, 29).

In conclusion, there is a negative association between dietary vitamin C intake and gout prevalence among adults in the United States. The results of this study highlight the association between dietary vitamin C intake and gout.
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