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Objective: This study aimed to investigate the associations between dietary one-carbon metabolism-related nutrients (betaine, choline, methionine, folate, vitamin B6, and vitamin B12) and fluorosis among the Chinese population in an area known for coal-burning fluorosis.

Methods: A cross-sectional study was conducted, with 653 fluorosis patients and 241 non-fluorosis participants. Dietary intake was acquired using a validated semi-quantitative 75-item food frequency questionnaire. The risk associations were assessed by unconditional logistical regression.

Results: We observed a significant inverse association between dietary betaine, total choline, methionine, folate, vitamin B6, and choline species and fluorosis. The adjusted OR (95% CI) in the highest quartile of consumption compared with the lowest were 0.59 (0.37–0.94) (P-trend = 0.010) for betaine intake, 0.45 (0.28–0.73) (P-trend = 0.001) for total choline intake, 0.45 (0.28–0.72) (P-trend < 0.001) for methionine intake, 0.39 (0.24–0.63) (P-trend < 0.001) for folate intake, 0.38 (0.24–0.62) (P-trend < 0.001) for vitamin B6 intake, and 0.46 (0.28–0.75) (P-trend = 0.001) for total choline plus betaine intake. Dietary intakes of choline-containing compounds, phosphatidylcholine, free choline, glycerophosphocholine, and phosphocholine were also inversely associated with lower fluorosis (all P-trend < 0.05). No significant associations were observed between dietary vitamin B12 or sphingomyelin and fluorosis.

Conclusion: The present study suggested that the higher dietary intakes of specific one-carbon metabolism-related nutrients, such as betaine, choline, methionine, folate, and vitamin B6, are associated with lower fluorosis prevalence.
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INTRODUCTION

Fluorine is an essential trace element, and the intake of an optimum concentration of fluoride anions is beneficial to the development of bones and teeth. However, excessive exposure to fluoride can lead to dental and skeletal fluorosis and damage non-skeletal systems (1). It has been estimated that over 70 million people may be affected by dental fluorosis worldwide, and the majority are located in Africa, India, China, the eastern Mediterranean, and southern Asia (2). The main type of fluorosis in China results from high levels of fluoride in drinking-water and pollution caused by burning fluoride-rich coal (coal-burning fluorosis). In total, 30.65 million people of China live in the coal-burning fluorosis risk areas, in 2017. Among them, there were 13.78 million who were found to suffer from dental fluorosis, and more than 1.7 million people suffering from skeletal fluorosis (3). Therefore, the prevention and control of fluorosis is an important public health problem in China.

Fluorosis is a complex disease and likely results from both oxidative stress and epigenetics (4–6). Recently, whole genome bisulfite sequencing (WGBS) indicated that the alterations in DNA methylation patterns (demethylation or hypermethylation) after fluoride exposure led to the abnormality of gene expression (6, 7). Additionally, exposure of fluoride was found to alter gene imprinting and methylation status of H19, Peg3, and Line1 genes that may have a detrimental effect on developing a mouse embryo (8, 9). It has also been found that DNA methylation of Cyclind-CDK4-p21 (10), neuronation (11), calcitonin-related polypeptide alpha (11), BMP-2 (12), BMP-7 (12) were associated with fluorosis. DNA methylation is determined by the availability of methyl groups from S-adenosylmethionine (SAM) (13), and is indirectly related to one-carbon metabolism nutrients, such as betaine, choline, methionine, folate, vitamin B6, and vitamin B12 (14). Animal studies found that choline and methionine attenuated fluoride toxicity (15, 16). These studies indicated that one-carbon metabolism nutrients may play a crucial role in preventing the fluorosis due to their involvement in the one-carbon metabolism pathway and their roles as methyl donors. However, only two small studies examined the association between parts of one-carbon nutrients and fluorosis. A cross-sectional study with 289 participants observed folate had a significant protective effect against fluorosis (17). Whereas, a case-control study with 45 cases and 41 controls reported that there was no significant difference between cases and controls in plasma levels of vitamin B6, vitamin B12, and folate (18). Thus, further studies are required to confirm the relationship due to the poverty of available evidence. Moreover, no epidemiological study explored the association of fluorosis with the dietary intake of betaine, choline, and methionine.

Therefore, the purpose of the present study was to comprehensively investigate the associations between dietary intake of six one-carbon metabolism nutrients (betaine, choline, methionine, folate, vitamin B6, and vitamin B12) and fluorosis among the Chinese population in areas known for coal-burning fluorosis. As alcohol can affect the DNA methylation by disrupting folate absorption (19), the study also evaluated whether the associations between one-carbon metabolism nutrients intake and fluorosis were modified by sex, alcohol drinking, smoking status, and urinary fluoride levels.



MATERIALS AND METHODS


Ethics Statement

This study was approved by the Ethical Committee of Zunyi Medical University (No.2014-1-1003), Guizhou, China. All the participants in this study provided written informed consent before the interview.



Study Participants

A population-based cross-sectional study was conducted between July and August, 2015 in a coal-burning area of Zhijin County Guizhou, China. A two–stage, clustered random sampling method was used in this study. Three towns (Chadian, Chengguan, and Puweng) were selected by a simple random sampling approach from the 10 towns in Zhijin County. Then, we randomly selected four villages from each selected town. In total, 12 villages (Dazai, Ganhe, Gaofeng, Guihua, Guohua, Hehua, Hualuo, Jiangyan, Moda, Shangzai, Yutang, and Xianfeng) were selected for the study. Participants who have lived in Zhijin for at least 10 years and aged 18–75 years were recruited through village doctors and the Center for Disease control and prevention (CDC) from randomly selected villages. The participants were excluded if they had a prior history of cancer, coronary heart disease, stroke, gout, or kidney disease, their dietary habits had manifestly changed during the previous 5 years, they were presently suffering from chronic diseases (cancer, diabetes, or hypertension, etc.) that might affect their dietary habits. In addition, the participants without complete questionnaire information were also excluded. Finally, a total of 894 (99.22% of these invited) participants out of 901 eligible participants were successfully interviewed. The urine samples of 718 subjects were obtained from the 894 participants interviewed.



Diagnosis of Fluorosis

Participants diagnosed with either dental fluorosis or skeletal fluorosis were identified as fluorosis patients. The diagnoses of dental fluorosis (WS/T208-2011, China) and skeletal fluorosis (GB 16396-1996) were performed by a specialist from the CDC. A detailed description of the method is described in our previous studies (20, 21).



Fluoride Concentration Measurements

The urine samples were collected and stored at −20°C before being determined. Urinary fluoride concentration was measured by the ion electrode method according to the standard WS/T 89-2015 (China). Further descriptions of the detection have previously been presented (20, 21). Briefly, the urine sample was taken out from the refrigerator at −20°C and thawed at room temperature. Further, 1 ml of each urine sample was taken, mixed with 24 ml of deionized water in a beaker. One fluoride Ionic Strength Adjustment (ISA) Powder Pillow (Hach, Cat: 258999, CO, USA) was added into these mixtures, stirred at a moderate rate. The concentration of urine fluoride in the mixture was then measured by HQ40d (Hach, CO, USA) portable meter, and the concentration of fluorine in the urine of the subjects was calculated according to the corresponding proportion. According to WS/T 256-2005 requirements, a normal urinary fluoride concentration is 1.6 mg/L or less (22). The coefficient of variation for the urinary fluoride was 2.29%.



Assessment of Dietary One-Carbon Metabolism-Related Nutrients Intake

Dietary consumption information was collected from all the participants through the medium of a semi-quantitative 75-item food frequency questionnaire (FFQ). The validity and reproducibility of the FFQ were assessed in the previous studies (13, 23). The consultation period for the dietary intake investigation was the year prior to the interview of all participants. Participants selected from five qualitative responses for each item on the FFQ, and reported dietary intake frequency ranging from never, per year, per month, and per week to per day to evaluate the intake amount. The pictures of food portion sizes were offered to help the participants to estimate the quantity of food consumption. Each food item was converted into daily consumption (grams per day). Average daily dietary intakes of one-carbon metabolism-related nutrients were estimated by multiplying the consumption frequency and portion size of each food item by the nutrient content, referring to the Chinese food composition database (24).

Intakes of B6, B12, folate, and methionine were calculated on the basis of the Chinese food composition database (24). Due to the limited Chinese food composition data available, the intake of betaine, choline, and choline subclasses, such as choline from free choline, glycerophosphocholine, phosphocholine, phosphatidylcholine, and sphingomyelin, were calculated using US Department of Agriculture database (USDA) (25). The sum of intakes of the five subclasses was estimated as total choline intake. The previous studies have shown that the correlations were high between intakes of common nutrients derived from the USDA and Chinese databases (e.g., r > 0.90 for B vitamins and methionine), indicating the validity of using the USDA database in our Chinese population to estimate the choline and betaine intakes (26).



Data Collection

Face-to-face interviews were performed to obtain the following detail information: sociodemographic characteristics (e.g., age, gender, marital status, level of education, household income, and other factors), lifestyle habits (e.g., intake of tobacco, tea drinking, and alcohol consumption), history of chronic diseases (e.g., cancer, hypertension, diabetes, heart disease, gout or renal diseases, and stroke), and history of nutritional supplements (e.g., calcium and multivitamins). Those participants with improved stove or other fuel type related situations were reported. In the present study, the participants who smoked at least five packs of cigarettes a year were defined as regular smokers. In addition, those who were passively exposed to the tobacco smoking of others for at least 5 min/day consecutively were passive smokers. An alcohol drinker was defined as someone drinking alcohol at least once a week for more than 6 months subsequently. Tea drinkers were defined as someone drinking tea at least two times per week in the past year.



Statistics Analysis

Data were analyzed using SPSS 18.0 software (SPSS Inc., IL, USA). All P-values were two tailed, and below 0.05 were considered statistically significant. Continuous data were expressed as mean (M) and SD (s) or median (P25, P75), while the categorical variables were expressed as proportions. A regression residual nutrient method illustrated by Willett et al. (27) was used to adjust the energy intake of betaine, total choline, methionine, folate, vitamins B6 and B12, and choline subclasses. The analyses of two independent sample t-test were used to analyze the mean differences between the characteristics of the participants (normal distribution). The Mann–Whitney test was used to compare the median consumption levels between the fluorosis and non-fluorosis participants (skewed distribution), and χ2-tests were used to compare differences in the frequencies of categorical variables. We categorized energy-adjusted dietary intake of betaine, total choline, methionine, folate, vitamins B6 and B12, and choline subclasses into quartiles (Q1–Q4). The lowest quartile (Q1) served as the reference group. An unconditional logistic regression model was used to evaluate the associations between energy-adjusted dietary one-carbon metabolism nutrient intakes and endemic fluorosis, and to calculate the odds ratios (ORs) with 95% CIs. The multivariate models were used to adjust the potential confounding factors, such as age (continuous), sex (men/women), marital status (married or cohabitated/divorces or widowed/unmarried), education level (illiteracy/primary school/secondary school/high school or above), household income (≤ 1000/1001–2000/2001–4000/4001–6000/≥ 6001), smoker (yes/no), passive smoking exposure (yes/no), tea drinker (yes/no), alcohol drinker (yes/no), use of coal to roast grains or chili (yes/no), washing dry grains or chili before use (yes/no), fuel type (raw coal/mixed coal/fire wood/others), and improved stove use (yes/no) (Model 1). To further evaluate whether the associations were modified by fluorosis-related behavior and nutrients, subsequent models were adjusted for dietary factors, such as roasted chili consumption (continuous), dietary calcium intake (continuous), total energy intake, roasted corn intake (continuous), and dietary fiber intake (continuous) (Model 2). The tests for trend were conducted by entering the ordinal values of the quartile of dietary one-carbon metabolism-related nutrients as continuous variables in the models.

The stratified analyses according to sex (men/women), alcohol drinker (yes/no), smoker (yes/no), and urinary fluoride levels (≤ 1.6 vs. > 1.6 mg/L) were also conducted to explore whether the folate-fluorosis associations were modified. The P for interactions between potential factors and folate were calculated from the multivariate logistic regression models by multiplicative interaction items. The subgroup analyses for dental fluorosis or skeletal fluorosis were performed for the relationships between dietary one-carbon metabolism nutrients and fluorosis. Furthermore, the sensitivity of results excluding participants with multi-vitamin supplements was evaluated.




RESULTS

Of the 894 participants (412 men and 482 women), 653 were diagnosed to have endemic fluorosis (311 men and 342 women), and 241 did not have fluorosis (101 men and 140 women). Table 1 shows the baseline demographic characteristics of study topics and selected risk factors of endemic fluorosis. The mean (±s) age of fluorosis group was 50.4 (±12.3) years, and the non-fluorosis was 47.0 (±14.6) years. Compared with the non-fluorosis subjects, the fluorosis patients tended to have lower education level and household annual income, be older and less likely to use an improved stove, more likely use coal to roast grains and chilis, and use mixed coal fuel types. The fluorosis patients had lower intakes of betaine, total choline, methionine, folate, vitamins B6, and higher levels of urinary fluoride compared with the non-fluorosis participants. In addition, compared with the fluorosis patients, the non-fluorosis participants tended to have a higher intake of the main choline-containing compounds, except for the choline from sphingomyelin (Table 2).


Table 1. Socio-demographic characteristics and selected risk factors of the participants in coal-burning fluorosis area in Guizhou.
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Table 2. Comparison of energy, urinary fluoride, folate, methionine, vitamins B6 and B12, total choline, betaine, and individual choline-containing compounds intake‡ between fluorosis and non-fluorosis.
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Table 3 presents the ORs and 95% CIs for fluorosis according to quartiles of one-carbon metabolism-related nutrients intakes. After adjustment by socio-demographic and lifestyle factors, the ORs for fluorosis occurrence in the highest quartile, compared with the lowest quartile of uptakes, were 0.63 (95% CI: 0.40–0.99) (P-trend = 0.020) for betaine, 0.48 (95% CI: 0.30–0.78) (P-trend = 0.003) for total choline, 0.48 (95% CI: 0.30–0.77) (P-trend < 0.001) for methionine, 0.45 (95% CI: 0.28–0.73) (P-trend < 0.001) for folate, 0.47 (95% CI: 0.30–0.74) (P-trend < 0.001) for vitamin B6, and 0.80 (95% CI: 0.51–1.25) (P-trend = 0.164) for vitamin B12. As choline is irreversibly converted into betaine in its role as a methyl donor, we also assessed the combined dietary of choline plus betaine and showed an inverse association with fluorosis prevalence. The adjusted OR (95% CI) was 0.51 (0.32–0.81) (P-trend = 0.005) for the fourth quartile compared with the first quartile intake. The inverse association did not change after further adjustment for dietary factors, such as calcium intake, total calorie intake, roasted chili and grain consumption, and dietary fiber intake. There was no evidence for interaction on fluorosis occurrence from folate with other one-carbon metabolism-related nutrients betaine, total choline, methionine, and vitamin B6 (P for interactions were 0.607, 0.657, 0.658, and 0.745, respectively).


Table 3. Odds ratios (ORs) and 95% CIs of fluorosis for quartiles of dietary energy-adjusted one-carbon metabolism-related nutrients intakes.
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For the five main choline-containing compounds, the higher dietary intakes of choline from phosphatidylcholine, free choline, choline from glycerophosphocholine, and choline from phosphocholine were associated with lower fluorosis occurrence. After adjustment for various dietary and non-dietary factors, highest vs. lowest quartile ORs for compounds uptake were 0.45 (95% CI: 0.28–0.72) (P-trend = 0.002) for phosphatidylcholine, 0.32 (95% CI: 0.19–0.52) (P-trend < 0.001) for free choline, 0.52 (95% CI: 0.32–0.84) (P-trend = 0.015) for glycerophosphocholine, and 0.35 (95% CI: 0.21–0.57) (P-trend < 0.001) for phosphocholine. In contrast, no statistical association was observed between dietary sphingomyelin and fluorosis (P-trend = 0.666) (Table 4).


Table 4. ORs and 95% CIs of fluorosis according to quartiles of dietary energy-adjusted five main choline-containing compounds intakes.
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The stratified analyses of alcohol drinking status and urinary fluoride levels showed an inverse association between folate intake and fluorosis only among the participants without alcohol consumption (OR for the Q4 vs. Q1 was 0.30 [95% CI: 0.17–0.56, P-trend < 0.001]), and among those with low urinary fluoride levels (OR for the Q4 vs. Q1 was 0.31 [95% CI: 0.15–0.61, P-trend < 0.001]), but not among those with alcohol consumption (OR for the Q4 vs. Q1 was 0.65 [95% CI: 0.25–1.62, P-trend = 0.056]), and those with high urinary fluoride levels (OR for the Q4 vs. Q1 was 0.63 [95% CI: 0.21–1.84, P-trend = 0.237]). However, the interaction effect between folate intake and alcohol consumption or urinary fluoride level was not statistically significant (P for interactions were 0.583 and 0.575). Similar inverse associations were found after stratified by sex and smoking status (Supplementary Table 1). The analyses stratified by the above factors were also conducted for other one-carbon metabolism nutrients. However, no significant interactions were observed (P for interactions ranged from 0.094 to 0.929, Supplementary Tables 2–5).

Subgroup of analyses revealed that the inverse associations between one-carbon metabolism-related nutrients (betaine, choline, methionine, folate, and vitamin B6) and fluorosis occurrence were found in both dental fluorosis and skeletal fluorosis (Table 5). Additionally, sensitivity analysis by excluding those participants who reported use of multi-vitamins supplements (five for cases and eight for controls) showed no substantial change (data not shown).


Table 5. ORs and 95% CIs of fluorosis according to quartiles of dietary energy-adjusted one-carbon metabolism-related nutrients by fluorosis damage sites.
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DISCUSSION MAIN FINDINGS

We assessed the associations between six main one-carbon metabolism-related nutrients and fluorosis, and found that the dietary intakes of betaine, choline, methionine, folate, and vitamin B6 were inversely associated with fluorosis. These inverse associations were also observed in the choline compounds, such as phosphatidylcholine, free choline, glycerophosphocholine, and phosphocholine.


Betaine, Choline, Methionine, and Fluorosis

Choline, betaine, and methionine have been identified as a key role in the methionine cycle, as they are essential nutrients for DNA synthesis and production of SAM (28). Many studies showed that an adequate intake of betaine and choline in the diet reduced the risk of disease (26, 29). In the present study, we first found protective associations of betaine, choline, and methionine with the occurrence of fluorosis. The previous studies have reported that a long-term methyl-deficient diet disrupted the DNA methylation via causing specific CpG hyper- or hypomethylation of the gene promoter regions (30). While methyl donors supplementation rectified the aberrant DNA methylation status. Our results indicated that sufficient betaine, choline, and methionine may act as methyl donors for epigenetic modification to prevent fluorosis (31). Recently, whole genome bisulfite sequencing and functional annotation of differentially methylated genes indicated that the alterations in methylation status of genes involved in biological processes are associated with bone development pathways. This study implied that fluoride induced DNA methylation of BMP1, METAP2, MMP11, and BACH1 genes may hamper the extracellular matrix deposition, cartilage formation, angiogenesis, vascular system development, and porosity of bone (6). A previous study also revealed that fluoride had a dose-response effect on bone morphogenetic proteins in fluorosis rats, and fluoride induced hypomethylation of specific CpGs (12). Zhao et al. (15) reported that choline inhibited fluoride toxicity in the chondrocyte of rats and reduced the amount of fluoride in the organ tissues. In this regard, choline may play a methyl donor role against bone damage caused by excessive amounts of fluorine. Additionally, the associations between methionine intake and fluorosis were supported strongly by animal experiments due to methionine-supply fluorosis rats reduced lipid peroxidation in the liver (16), and enhanced antioxidant enzymes activity in the kidney (32). It was reported that betaine intake alleviated other chemical elements exposure induced impairments in rats, such as cadmium toxicity (33), arsenic poisoning (34), or the toxicity of paraquat (35). Consistent with these evidence, we observed that higher betaine intake was associated with a lower occurrence of fluorosis in the present study. However, the mechanisms of DNA methylation underlying these associations have not fully been defined yet.



Folate, Vitamin B6, and Fluorosis

One-carbon metabolism is driven by the folate and requires B6 as a cofactor. Folate and B6 together regulate the DNA synthesis and methylation reactions (28). They play an important role in maintaining the stability of methylation patterns (28). We found that folate and vitamin B6 intakes were inversely associated with fluorosis. One previous cross-sectional study with 289 villagers showed that the dietary folate was a protective factor for skeletal fluorosis, with the adjusted OR (95% CI) of 0.76 (0.62–0.92) for folate intake (17). Our results were consistent with the above cross-sectional study. However, Pan et al. (18) observed that the plasma levels of homocysteine, vitamin B6, vitamin B12, and folate were not significantly different between 45 cases and 41 controls. Possible explanations for the inconsistencies were that plasma levels of nutrients reflected recent dietary intake rather than the long-term dietary intake and the small sample size may lead to false negative results. An epidemiologic study suggested that the methylation of the DNA repair gene O6-methylguanine transferase (MGMT) and the DNA mismatch repair gene MLH1 in the blood of patients with coal-burning fluorosis were increased, and the methylation levels positively associated with the severity of fluorosis (36). The inverse association between dietary folate, vitamin B6 intake, and fluorosis were in accordance with the evidence that suggested high levels of folate and one-carbon metabolism-related B-vitamins can reduce the MGMT gene methylation (37).



Vitamin B12, Sphingomyelin, and Fluorosis

Vitamin B12 functions as an enzyme that converts homocysteine to methionine and plays a role as a co-factor for methionine synthase (38). However, we reported no significant associations between dietary vitamin B12 and fluorosis. In the present study, the median intake of vitamin B12 was 2.21 μg per day, a relatively lower level compared with other one-carbon metabolism-related nutrients. Thus, it is hard to measure vitamin B12 accurately, which may lead to greater variation and weaken these associations (39). Consistent with this reasoning, the present study found no significant inverse association between dietary choline from sphingomyelin and fluorosis in our study population. This may be due to sphingomyelin being the least intake of all choline-containing compounds, with a median intake of 4.99 mg/day, while intake of the other four compounds ranged from 19.90 to 115.72 mg/day (non-fluorosis participants).



Potential Biological Mechanism

The important role of methyl donors involved in DNA methylation should be taken into consideration due to aberrant DNA methylation was pathogenesis of fluorosis. For example, it was reported that IGF2 showed hypermethylation in the NaF-treated groups compared with the control group (40). However, dietary folate supplementation was demonstrated to negate IGF2 DNA hypermethylation induced by exposure to environmental pollutant (41), which was consistent with the upregulation of IGF2 expression. Herein, it was indicated that the dietary methyl donors may prevent the alterations of DNA methylation induced by fluoride. However, there were multiple other biologically plausible mechanisms for the beneficial effect of methyl donors on fluorosis. Oxidative damage has been known as one of the major mechanisms of fluorosis (42). Dietary folate, choline, and vitamin B6 may influence the fluorosis by means of their antioxidant properties, as they were well-documented antioxidant compounds that reduce the risk of diseases (43–45). Additionally, methionine supplementation may reduce the adverse effect of fluorosis on soft tissue via antioxidation (46). Therefore, the protective effect of one-carbon nutrients against fluorosis presented here may be reasonable. However, further studies are warranted to elucidate the pathophysiological mechanisms.




LIMITATIONS

The potential limitations of this investigation should also cautiously be considered. First, a cross-sectional study design is unlikely to identify the causal relationship between one-carbon metabolism-related nutrients, although we minimized the potential reverse causation by excluding participants with other diseases, due to the changeable dietary habits of patients. Second, we could not preclude the possibility of recall bias. The consultation period for the dietary intake investigation was the year prior to the interview, and although we focused on the unbiased investigative techniques and fully documented the objective data, discrepancies could exist between the questionnaire and interview information. Third, the diagnosed fluorosis patients might change their lifestyle and dietary habits. However, public awareness of the fluorosis-preventing the effects of one-carbon metabolism-related nutrients was generally low, and thus the dietary evaluated information was unlikely misclassification between fluorosis and non-fluorosis participants. Furthermore, the consistency of the results across four compounds (choline from phosphatidylcholine, glycerophosphocholine, phosphocholine, and free choline) argues against bias to a certain extent, as these compounds are derived from different types of foods. Fourth, the use of USDA to calculate choline and betaine intakes was likely to increase the measurement errors in diet assessment. However, a previous study showed the validity of using the USDA database in the Chinese population to estimate choline and betaine intakes. Thus, the errors should be non-differential. Fifth, we did not exclude the vitamin intake from supplements, but sensitivity analysis by excluding participants with multi-vitamins supplements showed consistency with the primary outcomes. Finally, although we have adjusted for several confounding factors, some residual confounding may result from misclassification of those variables and confounding by unmeasured variables.



CONCLUSIONS

In conclusion, dietary intakes of one-carbon metabolism-related nutrients betaine, choline, methionine, folate, and vitamin B6 were inversely associated with fluorosis occurrence. These results should encourage further studies on dietary one-carbon metabolism-related nutrients and fluorosis prevention to elucidate any measure applicability for dietary intervention.
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291.85 (201,85, 423.78)
451.52 (814.77, 656.26)
579 (2.41, 12.78)
13.70 (4.11, 32.88)

Mean

2693.08
1.41
496.87
2290.76
1.78
2.46
24478
139.45
64.49
2221
12.65
6.46
191.46
436.25
558.08
12.56
24.19

Non- fluorosis group (n = 241)

SD

945.77
1.20
179.46
774.86
0.63
1.64
120,63
93.56
32.64
9.85
782
5.82
291.16
361.79
314.74
16.90
32.70

Median (25th, 75th)

2552.13 (2008.7, 3219.32)
1.17 (0.81, 1.67)
478,66 (362.81, 605.91)
2282.60 (1713.16, 2814.31)
1.77 (135, 2.16)
2.21(1.18, 3.36)
214.80 (149.63, 316.90)
115.72 (74.18, 192.26)
55.62 (4021, 81.21)
19.90 (15.61, 27.41)
10.40 (7.78, 15.78)
4.99 (2.54, 8.50)
11025 (68.17, 199.36)
361.40 (241,61, 530.55)
474.85 (335.25, 710.40)
608 (2.41, 13.50)
13.70 (4.73, 27.95)

P- value*

0.548
<0.001
< 0.001
< 0.001
<0.001

0.063
<0.001

0.001
< 0.001

0.016
< 0.001

0.227

0.001
< 0.001

0.105

0.780

0719

Intake of folate, methionine, vitemins By and Bz, total choline, indlvidual choline-conteining compounds, and beteine were adjusted for the daly energy inteke by the means of the
residual method. Pys and Pys represent the 25th and 75th percentile. SD.
#Mann-Whitney test was used to compare the median consumption levels between fluorosis and non-fluorosis.
1 Jotal choline intake was calculated by summing of phosphatidylcholine, free choline, glycerophosphocholine, phosphocholine, and sphingomyelin.
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