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Background: Non-alcoholic fatty liver disease (NAFLD) is one of the most prevalent chronic liver diseases worldwide. Dietary vitamin C intake might play an important role in reducing the risk of NAFLD. This study assesses the relationship between dietary vitamin C intake and diagnostic biomarkers of NAFLD.

Methods: The data from the 2009 China Health and Nutrition Survey (CHNS), nine provinces across four diverse regions (Northeast, East Coast, Central, and West) were included in the study. The dietary vitamin C intake of participants was calculated based on 3-day 24-h diet questionnaires at the individual level. The associations of dietary vitamin C intake and the biochemical indicators of liver function and glucose/lipid metabolism were determined.

Results: A total of 8,307 participants were included in the final analysis. The mean dietary vitamin C intake for the overall, male and female subjects was 79.8 ± 58.6, 81.6 ± 55.3, and 78.2 ± 61.2 mg/day, respectively. The prevalence of inadequate dietary vitamin C intake for the overall, male and female subjects was 24.4, 26.5, and 22.6%, respectively. Intake of vitamin C was associated with both lower concentrations of plasma ferritin and hemoglobin A1c (HbA1c). Higher dietary vitamin C intake was associated with higher albumin, even further adjusted for body mass index (BMI), residence, and smoking status. No improvement in lipid metabolism was found.

Conclusion: This study demonstrated that higher dietary vitamin C intake is a benefit for improving glucose metabolism and liver function in which reducing ferritin, a biomarker of iron accumulation, may be involved.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is one of the most common causes of liver disease, which can progress to liver failure (1). NAFLD is caused by the accumulation of hepatic steatosis in individuals without excessive alcohol consumption (2, 3). The prevalence of NAFLD has increased significantly over the recent years, especially in individuals diagnosed with diabetes and obesity, both in the developed and developing regions. In China, NAFLD is one of the most prevalent chronic liver diseases, ranging from 6.2 to 38.2% (4).

Previous studies have reported that oxidative stress causes inflammation, which can impact chronic diseases, including NAFLD (5–9). Dietary factors including vitamin C may play an important role in reducing the risk of NAFLD. Vitamin C is an essential antioxidant that is capable of scavenging free radicals. In addition, it plays several important roles in enzymatic reactions as a reducing agent. Vitamin C has been suggested to be involved in regulating hepatic and circulating lipid homeostasis, providing evidence that vitamin C can be protective against nonalcoholic fatty liver disease (NAFLD). A study by Musso et al. reported that lower dietary vitamin C intake was reported in patients with nonalcoholic steatohepatitis (NASH) than healthy controls (10). Another study by Han et al. reported a positive relationship between low vitamin C intake and NAFLD in a Korean male population (11). Even though our recent randomized controlled trial of patients with NAFLD demonstrated an improvement in liver health and glucose metabolism after 12-week of vitamin C supplementation (12), the relationship between vitamin C and NAFLD remains controversial (13, 14).

In China, the average dietary vitamin C intake was lower than those reported in the European countries (15, 16). In addition, along with the rapid economic growth and urbanization, there have been dramatic changes in dietary patterns in the Chinese population (17). Dietary vitamin C intake has been reported to be associated with a reduced risk of NAFLD (18, 19). However, studies that have directly investigated the relationship of clinical indicators of patients with NAFLD and dietary vitamin C intake are few in number. Therefore, the aim of this study was to assess the relationship between dietary vitamin C intake and diagnostic biomarkers of liver function and glucose/lipid metabolism of NAFLD using the data from the China Health and Nutrition Survey (CHNS).



METHODS


Study Population

We obtained the prospective longitudinal CHNS data that was designed to examine the effect of the health, nutrition, and family planning policies and programs implemented by the national and local governments, and to see how the social and economic transformation of Chinese society is affecting the health and nutritional status of its population. The details of the study design and sampling procedure have been described previously (20). The CHNS is an ongoing prospective study that started in 1989, with a follow-up every 2–4 years. A multistage, random cluster sampling process was used to draw a sample in each of the provinces in China. In each province, counties and cities were stratified by income, and a weighted sampling scheme was employed to choose four counties and two cities randomly from each province. We selected the 2009 survey population (n = 11,609) as the research population because their data of biomarkers of NAFLD by fasting blood were provided. Among them, 780 were excluded for missing height and weight information. A total of 1,758 were excluded for missing the data on lipids, hemoglobin A1c (HbA1c), and liver function indicators, and 764 were excluded for age <18 years (Figure 1). Finally, 8,307 participants were eligible for the analysis. This study had reviewed and approved by the Institutional Review Boards of the University of North Carolina, Chapel Hill, and the Chinese Center for Disease Control. All the participants provided written informed consent before participating in the CHNS survey.


[image: Figure 1]
FIGURE 1. Flowchart of study participants.




Nutrient Intake Calculation

According to the 3-day diet questionnaire, we obtained the type and amount of food consumed by each individual. We also established an electronic database of China Food consumption (2009) (21) by EpiData 3.1. The daily intake of various nutrients per person was calculated by the formula:
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(W: The average amount of food consumed per day; EP: Proportion of edible part of food in China Food consumption; A: The content of the nutrient of edible part of food in China food composition per 100 g).

The research population was divided into four groups according to the quartile of dietary vitamin C intake. The estimated dietary vitamin C intake was compared with the recommended nutrient intake (RNI) for vitamin C recommended by the Chinese Dietary Reference Intakes (DRIs), which is 100 mg/day (22). In addition, the proportion of participants with a vitamin C intake <100 mg/day was calculated and determined as the prevalence of inadequacy of vitamin C intake.



Statistical Analysis

Continuous variables were expressed as mean ± SD and counting variables were expressed as number (percentage). Differences of characteristics among groups were assessed by one-way ANOVA for continuous variables and the chi-squared test for the categorical variables. General linear models were used to analyze associations of dietary vitamin C intake with biomarkers of liver function and glucose metabolism. Model 1 was adjusted for the dietary vitamin C intake, age, and gender. Model 2 was adjusted for model 1 variables in addition to BMI, residence, and smoking status. A P value < 0.05 was considered statistically significant. Analyses were performed using SPSS 25.0 for Windows (IBM SPSS, Chicago, IL, United States).




RESULTS


General Characteristics of Participants

The general characteristics of 8,307 participants are given in Table 1. A total of 8,307 participants were divided into four groups by dietary vitamin C intake quartile. The ranges of dietary vitamin C intake in the lowest, the second, the third, and the highest groups were 0.00 to 46.11, 46.13 to 69.11, 69.13 to 99.16, and 99.16 to 991.30 mg/day, respectively. The mean dietary vitamin C intake for the overall, male and female subjects was 79.8 ± 58.6, 81.6 ± 55.3, and 78.2 ± 61.2 mg/day, respectively. The prevalence of inadequate dietary vitamin C intake for the overall, male and female subjects was 24.4, 26.5, and 22.6%, respectively. The percentage of male and urban residence increased across increasing intake quartile categories of dietary vitamin C. The average value of age and the distribution of BMI were significantly different in intake quartile groups of dietary vitamin C.


Table 1. General characteristics of the participants.
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Assessing the Association Between Dietary Vitamin C Intake and Biomarkers of Liver Function

The general linear model was constructed to assess whether dietary vitamin C intake was associated with plasma biomarkers of liver function. Intake of vitamin C was correlated with lower plasma ferritin concentrations (Table 2). The estimation means of plasma ferritin concentrations by the general linear model (adjustment for age, gender, and dietary vitamin C intake) was lower with the increase of the dietary vitamin C intake level, especially in the male, rural, age <40 y and BMI <24 kg/m2 participants (Figure 2). Higher dietary vitamin C intake was associated with higher albumin, even further adjusted for BMI, residence, and smoking status.


Table 2. Estimation mean (95% CI) of biomarkers of liver function according to dietary vitamin C intake (mg) among adults.
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FIGURE 2. Adjusted Ferritin by dietary vitamin C intake, gender (A), residence (B), age (C), and body mass index (BMI) (D). Values were means adjusted for age, gender, BMI, smoking status, and residence.




Assessing Association Between Dietary Vitamin C Intake and Biomarkers of Glucose Metabolism

Next, the general linear model was constructed to assess whether dietary vitamin C intake was associated with plasma biomarkers of glucose/lipid metabolism. Intake of vitamin C was correlated with lower plasma HbA1C concentrations (Table 3). The estimation means of plasma HbA1C concentrations by the general linear model (adjustment for age, gender, and BMI) was lower with the increase of the dietary vitamin C intake level, especially in female, rural, and age <40 years participants (Figure 3). No significant changes in lipids, including total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and total triglyceride were observed with the increase of dietary intake of vitamin C.


Table 3. Estimation mean (95% CI) of biomarkers of glucose/lipid metabolism according to dietary vitamin C intake (mg) among adults.
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FIGURE 3. Adjusted hemoglobin A1c (HbA1c) (%) by dietary vitamin C intake, gender (A), residence (B), age (C), and BMI (D). Values were means adjusted for age, gender, BMI, smoking status, and residence.





DISCUSSION

Vitamin C is a water-soluble vitamin, which is naturally present in fruits and vegetables. Since vitamin C cannot be synthesized by the human body, vitamin C is considered an essential dietary micronutrient and required to be obtained through diet. In China, the mean dietary vitamin C intake is estimated to be 80.1 mg/day (lower than the EAR of 85 mg/day). (17, 23). Similarly, our study also showed that the mean dietary vitamin C intake for the overall was almost 80 mg/day, suggesting that majority of the Chinese population have inadequate dietary vitamin C intake. Based on the evidence on its antioxidant properties, vitamin C is needed for reducing the risk of progression to some noncommunicable diseases including cardiovascular disease, type 2 diabetes, and liver diseases (24–26). A recent systematic review investigated that the efficacy of oral vitamin C supplementation significantly lowers HbA1c, fasting, and postprandial glucose in people with type 2 diabetes, highlighting that vitamin C supplementation may be beneficial for improving glycemic control in type 2 diabetes (27). However, these were not specific to people with NAFLD, and supplements were not exclusive to vitamin C only. Our recent randomized controlled study has also reported that oral vitamin C supplementation of 1,000 mg/day was associated with increased concentration of plasma vitamin C and adiponectin as well as improved glucose metabolism and liver function in patients with NAFLD. Furthermore, this study indicated a linear association between dietary vitamin C intake and liver function and glucose metabolism in the general population. Together, these studies suggest that vitamin C has a potentially important role in improving metabolism, warranting further evaluation to ascertain the potential clinical translatability of vitamin C supplementation from both diet and supplements.

This study examined the relationship between dietary vitamin C intake and biomarkers of liver function on a large sample comprising 8,307 adults. Several diagnostic biomarkers of early liver damage and NAFLD, such as total protein, albumin, and ALT, were included in our biochemical analysis. Patients with severe liver diseases usually have a lower concentration of albumin (28), which plays an important role in the clinical evaluation of liver function and is used as a diagnostic biomarker in the management of NAFLD (29). This is because, in patients with liver diseases including NAFLD, the synthesis of albumin by the liver is altered which leads to lower albumin concentration (28, 30). Our findings reported that higher dietary vitamin C intake was associated with higher albumin concentration, indicating that vitamin C is capable of increasing the reduced albumin of patients with NAFLD and then improving liver function.

Other indicators of liver function are those involved in iron metabolism. This study reported lower ferritin concentration with increasing dietary vitamin C intake. Iron is a trace element that reacts to oxygen radicals. Ferritin, a protein that contains iron, is one of the inflammatory biomarkers used in diagnosing NAFLD. A higher concentration of ferritin has been reported in steatohepatitis, which can be possibly attributed to systemic inflammation (31). A study by Sumuida et al. (32) reported increased ferritin concentration with increasing severity of NAFLD. This is because, in patients with NAFLD, the ferritin concentration has been reported to increase by 20–50%, which is suggested to be a useful biomarker for identifying individuals susceptible to NAFLD (33). This study suggested that vitamin C has a potential capacity of reducing circulating levels of ferritin, which may account for its antioxidant effect and improve NAFLD.

A remarkable proportion of patients with NAFLD also have a dysregulation of glucose metabolism (27). In this study, higher dietary vitamin C intake was associated with lower HbA1c concentration, consistently suggesting that supplementation of dietary vitamin C might decrease elevated HbA1c concentration in patients with NAFLD (11). In addition, our findings were also in agreement with the previously published data showing improvement in glycemic control with vitamin C supplementation (34). However, it is challenging to determine whether the beneficial effect of vitamin C supplementation could be attributed because of its correction of vitamin C deficiency status or effect on the underlying disease in individuals. A previous study reported that increased concentration of aminotransferases along with diabetes as independent predictors of fibrosis (35). Consistently, our finding that adequate dietary intake of vitamin C is beneficial in the improvement of glycemic control and the liver function in patients with NAFLD may give us a hint that the effect of vitamin C on fibrosis is also worthy of expectation.

One of the major strengths of this study was that it included a large sample size of the longitudinal data (CHNS). In addition, the use of validated individual, consecutive 3-day 24-h dietary recall method in this study had enabled us to thoroughly examine the detailed information of the foods and drinks consumed by the participants. Limitations of this study also merit consideration. Although we included the data presented on determining vitamin C content of food, we did not include the other co-occurring nutrients in the food discounted or adjusted for in the modeling. Since there were no data on the hepatitis status of participants included in the analysis, this might introduce bias in the interpretation of our study findings. Also, plasma vitamin C levels as a marker of the accuracy of the vitamin C intake determination were not measured in this study.

In conclusion, this study was one of the first studies to examine the relationship between dietary vitamin C intake and diagnostic biomarkers of NAFLD on a large sample with adjustment of confounding factors. Further understanding of this relationship would be helpful, especially in providing new clinical insights and implications on the roles of dietary vitamin C in the pathogenesis, management, and prevention of NAFLD.
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