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Background and Objectives: Alanine aminotransferase (ALT) is generally used for evaluating liver function, 
and its concentrations are closely associated with sex and nutritional status. This study investigates the relation-
ships between dietary components and serum ALT activity in Taiwanese adolescents. Methods and Study De-
sign: Data were collected from 1,941 adolescents aged 13-18 years who participated in the fourth National Nutri-
tion and Health Survey in Taiwan (2010-2011, adolescents). Results: The mean age was 15.3±0.1 y (15.3±0.1 y 
for boys and 15.2±0.1 y for girls). Mean serum ALT was 14.8±13.3 U/L (17.7±16.3 U/L for boys and 12.1±8.7 
U/L for girls; p<0.001). Multivariate analysis revealed that, among girls, a single-unit increase in dietary zinc was 
associated with 1.12- and 1.11-fold increases in risk for increased serum ALT tertile 2 (T2) and T3, respectively, 
compared with T1; and a single-unit increase in vitamin B-2 intake increased risk by 1.71- and 1.54-fold, respec-
tively. Further analysis revealed that the risk increase for boys and girls who consumed the highest amounts of 
dietary zinc and vitamin B-2 (T3) was 1.97- and 2.62-fold, respectively; they were also more likely to have high-
er serum ALT (>11 U/L for boys and >9 U/L for girls) than those of the reference (presented as zinc T1 and vit-
amin B-1 T1). Conclusions: Increased dietary zinc and vitamin B-2 intake is associated with higher serum ALT 
in adolescents. 
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INTRODUCTION 
The body mass index (BMI) is used for predicting steato-
sis, nonalcoholic steatohepatitis (NASH), and higher se-
rum alanine aminotransferase (ALT).1 Dietary control and 
lifestyle changes are considered effective and safe ap-
proaches for treating steatosis and NASH,2 but a low-
energy diet (LED) may also lead to transient hepatic inju-
ry.3,4 Gasteyger and colleagues have reported that LED-
induced weight reduction triggered a transient increase in 
serum ALT concentrations in obese women, but not in 
obese men.3,4 Why women are more susceptible to LED-
induced transient liver injury remains unclear. Ganz et al 
investigated how sex differences influence diet-induced 
nonalcoholic fatty liver disease (NAFLD) in mice fed 
based on a high-fat diet enriched with fructose and su-
crose, and observed preferential NASH and inflam-
masome activation in male mice, whereas steatosis with-
out inflammation was noted in the female mice.5 A study 
that investigated food preferences based on gender found 
that boys preferred meat, fish, and poultry foods, whereas 
girls preferred fruits and vegetables.6 Meat, particularly 

 
 

red meat, is a rich source of protein, fat, and trace ele-
ments (e.g., iron, zinc, and copper). Trace elements act as 
either pro-oxidants or antioxidants. For example, certain 
antioxidant enzymes (e.g., catalase and superoxide dis-
mutase) require iron, zinc, and copper as cofactors. How-
ever, free-transition metal ions are also potent pro-
oxidants. By contrast, fruits and vegetables contain high 
levels of vitamins with antioxidant properties (e.g., vita-
min C and β-carotene), which are vital for preventing the 
progression of simple steatosis into NASH.7 Women also 
have a higher body fat percentage and greater lipid perox- 
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idation levels;8 hence, women may require more foods 
rich in antioxidants for preventing hepatic injury when 
losing weight. 

Nearly half of all children in Taiwan are currently ei-
ther overweight or obese.9 Wu et al investigated the nutri-
tional intake profiles of Taiwanese children aged 6-12 
years, and noted an insufficient intake of vitamins (B 
complex and vitamin A) and iron in a higher proportion 
of girls compared with boys.10 Vitamin B complex plays a 
critical role in liver function.11 The relationship between 
dietary components and liver function in adolescents re-
mains poorly understood. We hypothesized that sex-
related differences in food intake (both micro- and mac-
ronutrients) may influence liver function. Thus, this study 
investigates the relationships between dietary components 
and serum ALT activity (as an indicator of liver function) 
in Taiwanese adolescents by using data from the Nutri-
tion and Health Survey in Taiwan (NAHSIT 2010-2011, 
adolescents). 
 
METHODS 
Study design 
The fourth national NAHSIT was funded by the Food and 
Drug Administration, Ministry of Health and Welfare, 
Taiwan, for the continued evaluation of the health and 
nutritional status of the Taiwan population. This study 
analyzed data on adolescents aged ≥13-18 y collected 
through the fourth NAHSIT. A multistage, stratified, 
clustered sampling scheme was used to recruit partici-
pants. Details of the study design have been 
published.10,12,13 In brief, 5 sampling strata were selected 
based on geographical location and population density. 
An additional mountainous stratum was included for jun-
ior high school children (aged 12-16 years). Multistage 
probability sampling proportional to size was conducted 
to select 8 schools from each stratum; 36 junior high 
schools and 20 senior high schools were identified. A 
random sample of 54 (9 students/sex/grade) junior and 60 
(10 students/sex/grade) senior high school students was 
selected from each school. The response rate for the ques-
tionnaires was 46% and 42%, respectively. Only children 
who completed the questionnaires qualified for participa-
tion in the anthropometric examination (response rate of 
87% and 92%, respectively). The survey respondents 
comprised 3,228 adolescents (1,952 junior and 1,276 sen-
ior high school students). Informed parental written con-
sent was obtained before participant enrolment in the 
NAHSIT study. The NAHSIT study was approved by the 
Research Ethics Committee of Academia Sinica 
(EC100031). This study used a databank that excluded 
the private information of individual respondents, and 
was approved by Taipei Medical University (201210005).  
 
Sample inclusion and exclusion criteria 
Data from 1,941 adolescent respondents (963 boys and 
978 girls) were included in the analysis. The exclusion 
criteria were as follows: (1) Respondents with missing 
data on serum ALT, anthropometrics, or 24-hour dietary 
recall (n=1,244); (2) total energy intake ≥5,000 kcal/d or 
≤500 kcal/d (n=5); and (3) a history of hepatitis, hepato-
carcinoma, diabetes, nephritis, autoimmune disease, or 
cancer (n=38). 

Data collection 
Information on family health history (self-reported), 24-
hour dietary recall, and factors associated with personal 
behaviour were obtained using structural questionnaires 
with a standardized protocol for the interview. Dietary 
intake was estimated by referring to the 24-hour dietary 
recall, which included measurements of foods consumed 
regularly in each household individual dietary recall, and 
their validation as obtained from food models.10 Dietary 
data on total caloric intake, carbohydrates (CHOs), pro-
tein, fats and oils, fruits, vegetables, water- and fat-
soluble vitamins, and trace elements were obtained from 
the 24-hour dietary recall. The details regarding data col-
lection and data analysis have been published 
elsewhere.10,12,13 
 
Laboratory measurements 
Biochemical data were obtained from 8-hour fasting 
blood samples. Peripheral venous blood samples were 
collected in tubes containing EDTA, and were centri-
fuged at 4°C before the serum was stored at -80°C until 
analysis. ALT and aspartate aminotransferase concentra-
tions were measured using a Beckman Coulter LX-20 
autoanalyzer (Fullerton, CA, USA). 
 
Statistical analyses 
Statistical analyses were performed using SAS software 
(Version 9.22; SAS Institute, Cary, NC, USA). Categori-
cal data are presented numerically (percentage), whereas 
continuous data are presented as the mean (standard devi-
ation (SD)). Serum ALT concentrations were categorized 
into tertiles (Ts) by sex: 11 U/L and 16 U/L for boys, and 
9 U/L and 12 U/L for girls. Trend testing was conducted 
by employing either an ordinal chi-squared test or a gen-
eral linear regression model for continuous data (Table 2). 
Multivariable logistic regression models were used to 
estimate the odds ratio (OR) for the dependent variable 
(serum ALT) and independent variables (age, sex, BMI, 
and levels of protein, vitamin B-2, niacin, vitamin B-6, 
vitamin C, iron, zinc, magnesium, potassium, and phos-
phorus), in addition to the 95% confidence interval (CI) 
(Table 3). A binary logistic model was employed for fur-
ther analysis on the relationships of dietary zinc and vit-
amin B-2 with the risk of elevated ALT levels. As shown 
in Figure 1, a binary logistic regression model was used 
to estimate the OR of dependent ALT T2 plus T3 com-
pared with ALT T1 (reference). The residual method was 
used to adjust all nutrient intake levels based on total en-
ergy;14 p<0.05 was considered significant. 
 
RESULTS 
Participant characteristics 
Data from 1,941 adolescents (963 boys and 978 girls) 
were included in this study. The mean age was 15.3±0.1 
yr (15.3±0.1 yr for boys and 15.2±0.1 yr for girls) (Table 
1). The mean BMI was 21.4±0.2 kg/m2 (21.9±0.2 kg/m2 
for boys and 21.0±0.1 kg/m2 for girls, p<0.001) (Table 1). 
The mean ALT was 14.8±13.3 U/L (17.7±16.3 U/L for 
boys and 12.1±8.7 U/L for girls, p<0.001) (Table 1). 
Overall, the boys weighed more and had higher serum 
ALT levels compared with their female counterparts 
(p<0.001 for both sexes) (Table 1). 
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Associations between serum ALT tertiles and nutritional 
factors 
The baseline characteristics of the nutritional factors of 
Taiwanese adolescents are listed by serum ALT tertiles in 
Table 2. The table shows a positive trend of serum ALT 
tertiles for age and BMI (p<0.0001 for both variables) 
(Table 2). Moreover, dietary components such as protein, 
CHOs, vitamin B complex, vitamin C, divalent metals, 
and electrolytes were found to be positively associated 
with the ALT tertiles (p<0.05 for all components). Con-
versely, no association was found between higher serum 
ALT tertiles and dietary fat or fat-soluble vitamins (i.e., 
vitamins A, D, and E) (Table 2). 

The results of univariate analysis revealed that a single-
unit increase in factors such as age; BMI; protein; 
vitamins B-2, B-3, B-6, and C; divalent metals (i.e., iron 
and zinc); and electrolytes (i.e., potassium, phosphorous, 
and magnesium) was associated with higher ALT tertiles 

(data not shown). In boys, multivariate analysis adjusted 
for age, BMI, and nutrients revealed that a single-unit 
increase in BMI, age, and zinc intake was associated with 
higher ALT levels, specified as follows; BMI (OR: 1.42, 
95% CI: 1.34-1.51), age (OR: 1.15, 95% CI: 1.03-1.27), 
and zinc (OR: 1.00, 95% CI: 1.00-1.07) for boys with the 
highest ALT (T3) compared with those with the lowest 
ALT (T1) (multivariate model: boys) (Table 3). Similar 
analytical results were obtained for girls; an elevation in 
ALT levels (ALT T3 compared against T1) resulting 
from its association with age (OR: 1.16, 95% CI: 1.05-
1.27) and BMI (OR: 1.21, 95% CI: 1.14-1.28) 
(multivariate model: girls) (Table 3). In addition, the 
serum ALT levels appeared to rise in conjunction with 
dietary zinc and vitamin B-2 levels for girls; specifically, 
the effect of a single-unit increase in dietary zinc on ALT 
T2 and T3 (compared against T1) was 1.12- and 1.11-fold, 
respectively, whereas in vitamin B-2, it was 1.71- and 

Table 1. Baseline characteristics of the sample population (N=1,941) 
 

Variable† Sex p value* Boys Girls 
Number (%)       963 (49.6)       978 (50.4)  
Age (yr)          15.3 (0.10)         15.2 (0.10) 0.262 
Waist-to-hip ratio           0.82 (0.06)           0.80 (0.05) <0.0001 
Body mass index (kg/m2)         21.9 (0.20)         21.0 (0.10) <0.0001 
Serum aspartate aminotransferase (U/L)          21.4 (0.30)         17.8 (0.20) <0.0001 
Serum alanine aminotransferase (U/L)         17.7 (16.3)         12.1 (8.70) <0.0001 

 

†Continuous data are presented as the mean (standard deviation). 
*Between-group differences were analyzed by conducting a two-sample t test. 
 
 
Table 2. Nutritional factor characteristics according to serum alanine aminotransferase tertiles among Taiwanese 
adolescents (N=1,941) 
 

 Serum ALT, Tertile§ p for trends* 1 2 3 
Number            533     757     651  
Age (y)     14.9 (1.82)       15.1 (1.87)       15.6 (1.95) <0.0001 
BMI (kg/m2) †     19.9 (2.88)       20.5 (3.16)       23.8 (5.20) <0.0001 
24-hour dietary intake/d‡     

Carbohydrates (g/d) 308 (2.64)     302 (2.15)     300 (2.43) 0.040 
Simple sugars     57.2 (2.20)       52.8 (1.80)       52.0 (2.02) 0.089 
Complex sugars 253 (2.77)     252 (2.26)     250 (2.55) 0.444 

Fat (g/d)     87.7 (1.03)        87.7 (1.03)       89.0 (0.95) 0.387 
Protein (g/d)     85.6 (0.97)        89.9 (0.79)       91.8 (0.89) <0.0001 
Vitamin B-1 (mg/d)        1.39 (0.03)          1.45 (0.02)          1.49 (0.03) 0.025 
Vitamin B-2 (mg/d)        1.35 (0.04)          1.44 (0.03)          1.45 (0.04) 0.004 
Niacin (mg/d)     20.0 (0.45)        21.0 (0.37)       21.8 (0.42) 0.005 
Vitamin B-6 (mg/d)        1.65 (0.04)          1.82 (0.03)          1.83 (0.03) <0.001 
Vitamin B-12 (µg/d)        4.61 (0.30)          4.64 (0.24)          5.53 (0.28)  0.030 
Vitamin C (mg/d) 104 (5.08)     113 (4.14)     130 (4.68) <0.001 
Vitamin A (µg RE/d)  698 (82.1)     703 (66.9)     821 (75.6) 0.289 
Vitamin D (µg/d)        5.20 (0.29)          5.34 (0.24)          5.85 (0.27) 0.115 
Vitamin E (mg/d)        8.69 (0.21)          9.03 (0.17)          9.14 (0.19) 0.133 
Iron (mg/d)     16.1 (0.38)        17.3 (0.31)       17.6 (0.35) 0.005 
Zinc (mg/d)     10.9 (0.18)        11.6 (0.14)       12.1 (0.16)  <0.0001 
Calcium (mg/d) 467 (12.9)     510 (10.5)     519 (11.85) 0.004 
Magnesium (mg/d) 241 (3.64)     257 (2.97)     261 (3.56) <0.001 
Potassium (mg/d)         2213 (34)   2383 (28)   2450 (31)  <0.0001 
Phosphorus (mg/d)         1213 (15)   1284 (12)   1294 (13)  <0.0001 

 
†The body mass index (BMI) was calculated as the mass (kg)/[height (m)]2.  
‡Nutrient intake was obtained by adjusting for energy through the residual method.  

§Serum alanine aminotransferase (ALT) tertiles by sex: 11 U/L and 16 U/L for boys, and 9 U/L and 12 U/L for girls. 
*The trend test was conducted using a general linear model for continuous variables. 
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1.54-fold, respectively (multivariate model: girls) (Table 
3).  
 
Dietary zinc and vitamin B-2 inducing a rise in serum 
ALT  
A categorical logistic model was employed to further 
classify the relationships of dietary zinc and vitamin B-2 
with the risk of serum ALT elevation. Figure 1 shows the 
adjusted ORs for the risk of serum ALT elevation associ-
ated with dietary zinc and vitamin B-2 intake levels. In 
both boys (A) and girls (B), only adolescents with intake 
results in the highest zinc tertile (T3) and vitamin B-2 
tertile (T3) were affected, with a 1.97- (95% CI, 1.22–
3.18) and 2.62-fold (95% CI, 1.58-4.35) increase, respec-
tively. The affected adolescents were more likely to have 
higher serum ALT levels (>11 U/L for boys and >9 U/L 
for girls) compared with the reference (i.e., represented 
by zinc T1 and vitamin B-1 T1) (Figure 1). 

DISCUSSION 
Based on our research, this cross-sectional, population-
based study is the first to investigate associations between 
food intake and liver function in Taiwanese (i.e., mainly 
ethnic Chinese) adolescents. Our findings suggest a posi-
tive causal relationship between the dietary intake of zinc 
and vitamin B-2 and serum ALT levels in adolescents. 
However, the reason for this increased risk is unclear. 
Riboflavin is the precursor for the coenzymes flavin 
mononucleotide (FMN) and flavin adenine dinucleotide 
(FAD). Flavoproteins are enzymes that require FMN or 
FAD as cofactors; they act as electron carriers and play a 
role in oxidation-reduction (redox) reactions in cells. In 
addition, they function as prosthetic groups in the first 
oxidative step of the fatty acid cycle. Several flavopro-
teins also contain metal ions. Mallik et al found that zinc 
and several other cations (e.g., cadmium, copper, and iron) 
inhibit FMN phosphatase activity.15 FMN Phosphatase is 

Table 3. Adjusted odds ratio and 95% confidence intervals of dietary components according to the tertile groups of 
serum alanine aminotransferase levels 
 
 Boys, ALT tertiles†,‡  Girls, ALT tertiles†,§ 

T2¶ T3¶  T2¶ T3¶ 
Age (yr) 1.07 (0.97-1.17) 1.15 (1.03-1.27)  1.04 (0.95-1.14) 1.16 (1.05-1.27) 
BMI (kg/m2) 1.14 (1.08-1.21) 1.42 (1.34-1.51)  1.08 (1.02-1.14) 1.21 (1.14-1.28) 
24-hour dietary intake/d      

Protein (g/d) 1.01 (0.99-1.02) 1.00 (0.99-1.02)  0.98 (0.97-1.00) 0.99 (0.98-1.01) 
Vitamin B-2 (mg/d)    1.71 (1.10-2.64) 1.54 (0.98-2.41) 
Niacin (mg/d) 1.01 (0.99-1.03) 1.01 (0.99-1.03)    
Vitamin B-6 (mg/d)    1.09 (0.77-1.53) 1.35 (0.96-1.53) 
Vitamin C (mg/d) 1.00(0.998-1.002) 1.00(0.999-1.003)    
Iron (mg/d)      

All 0.98 (0.95-1.02) 0.99 (0.95-1.03)  1.02 (0.99-1.05) 1.01 (0.98-1.04) 
Nonheme iron (mg/d) 1.04 (0.98-1.09) 1.03 (0.97-1.09)    

Magnesium (mg/d) 1.00 (0.997-1.003) 1.00 (0.996-1.003)  1.00 (0.998-1.005) 1.00 (0.997-1.005) 
Zinc (mg/d) 0.98 (0.93-1.04) 1.00 (1.00-1.07)  1.12 (1.03-1.23) 1.11 (1.01-1.21) 

 
†Serum alanine aminotransferase (ALT) tertiles by sex: 11 U/L and 16 U/L for boys, and 9 U/L and 12 U/L for girls. 
‡The multivariate model was adjusted for age, body mass index (BMI), and nutrients (i.e., protein, niacin, vitamin C, iron, nonheme iron, 
magnesium, zinc, phosphorus, and potassium). 
§The multivariate model was adjusted for age, BMI, and nutrients (i.e., protein, vitamin B-2, vitamin B-6, iron, magnesium, zinc, phos-
phorus, and potassium). 
¶T1 was reference. 
 
 

       

A                                                                                                                B 

Figure 1. Age and body mass index: Adjusted odds ratio and 95% confidence intervals for dietary zinc and vitamin B-2 on serum alanine 
aminotransferase tertiles in boys (A) and girls (B). 
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the enzyme that releases riboflavin from dietary FMN 
coenzyme forms. Long-term FMN phosphatase suppres-
sion may lead to riboflavin deficiency and metabolic fail-
ure, raising the likelihood of hepatic injury. However, 
riboflavin can also regulate the metabolism of divalent 
metals (e.g., iron, zinc, and copper).16 Animal studies 
have found that riboflavin supplementation either en-
hances zinc absorption8 or lowers hepatic zinc concentra-
tions.17 Furthermore, Adelekan and Thurnham indicated 
that a riboflavin deficiency reduced total iron absorption 
and inhibited the release of liver ferritin into the peripher-
al blood, resulting in anaemia in rats.16,18 Overall, these 
studies have posited that riboflavin may regulate the ab-
sorption and sequestration of divalent metals such as zinc. 

Although in the present study no association was found 
between macronutrient intake and serum ALT elevation, 
related studies have reported that macronutrient modifica-
tions, especially CHOs, affected serum ALT levels.19-21 A 
hypoenergy diet restricting CHOs but not fat led to lower 
serum ALT levels in adults with insulin resistance.19 By 
contrast, serum ALT activity increased significantly when 
healthy men adhered to an isocaloric diet high in CHOs, 
but with normal fat content.20 However, Rodriguez-
Hernandez investigated the effects of a low-CHO, low-fat 
diet on serum ALT activity in obese women with NAFLD, 
and reported that decreased ALT levels were related to 
body-weight reduction, irrespective of the type of diet.22 
Additional evidence suggests that elevated serum ALT 
levels can be explained not with the amount of CHOs 
consumed, but with the quality of the CHO sources in the 
diet.21 For example, CHO sources that either affect blood 
glucose levels (e.g., foods with a low glycemic index or 
low glycemic load)21 or lipid deposition in the liver (e.g., 
sucrose or fructose)23 can affect serum ALT levels. In 
addition, one study reported that a diet low in animal pro-
tein but high in vegetables improved liver function in 
healthy participants.24 Although animal studies have indi-
cated a close relationship between high-fat diets and liver 
steatosis, conflicting results have been obtained on the 
effect of dietary fat restrictions in human studies.19-21 

The findings of the present study revealed that dietary 
zinc and vitamin B-2 were independently associated with 
serum ALT activity in adolescents. Compared with boys, 
girls seemed more susceptible to elevated ALT levels 
resulting from a high intake of vitamin B-2 and zinc. The 
reason for this sex difference is unclear. Vitamin B-2 is 
water-soluble, and is considered relatively nontoxic com-
pared with fat-soluble vitamins. The average intake of 
vitamin B-2 (1.57 (0.04) mg for boys and 1.28 (0.03) mg 
for girls) in our study was comparable with Taiwanese 
guidelines. Zinc is involved in a wide range of physiolog-
ical functions. For example, over 100 enzymes involved 
in catalytic function also contain zinc. In adolescents, 
zinc is vital for sexual maturation and reproduction. 
Compared with their female counterparts, adolescent boys 
require higher levels of zinc because sperm and the pros-
tate gland require zinc to function properly. Conversely, 
studies have suggested that girls, not boys, are at high risk 
for inadequate zinc intake.25,26 In the present study, the 
mean dietary zinc intake was 13.7 (6.6) mg/d for boys, 
and 9.6 (4.8) mg/d for girls, which was slightly lower 
compared with the Taiwanese guidelines for adolescents 

aged 13-18 years (15 mg/d for boys and 12 mg/d for girls). 
The Taiwan dietary reference intake for zinc appears to 
be higher compared with U.S. guidelines. The U.S. Rec-
ommended Dietary Allowance for zinc is 8 mg/d for ado-
lescents aged approximately 13 years, and 11 mg/d for 
boys and 9 mg/d for girls aged 14-18 years. The average 
zinc intake in the United States for boys and girls aged 
11-18 years was 12 mg/d and 8 mg/d, respectively, ac-
cording to the third U.S. National Health and Nutrition 
Examination Survey (1988-1994).25 This is similar to the 
findings of a recent report on 1311 Colombian adoles-
cents aged 11-16 years, which indicated an average zinc 
intake of 10.8 mg/d for boys and 8.7 mg/d for girls.27 
Compared with the U.S. and Colombian studies, Taiwan-
ese adolescents appear to consume a greater amount of 
dietary zinc. Zinc finger proteins are those that contain 
zinc-binding repeats. In eukaryotes, zinc finger proteins 
are vital for DNA recognition, RNA packaging, and tran-
scriptional activation. However, a recent study indicated 
that zinc finger protein 267 is highly expressed in patients 
with NAFLD, and the authors found that zinc finger pro-
tein 267 acts as a profibrogenic factor in NAFLD.28 

The early onset of childhood NAFLD in ethnic Chinese 
children and adolescents is of particular concern.29 A 
recent investigation on NAFLD prevalence in Chinese 
school-aged children and adolescents from the Yangtze 
River Delta region indicated that NAFLD prevalence was 
strongly associated with body shape, especially for those 
with abdominal obesity (12.9%) and mixed obesity 
(44.8%).29 Excess energy intake is frequently associated 
with NAFLD, but the dietary patterns linked with 
NAFLD onset and progression remain unclear. The food 
consumption patterns of adolescents are of particular 
concern because of the greater energy and nutrients 
demands required by this vulnerable group compared 
with adults. At present, a detailed analysis on the dietary 
intake of Taiwanese adolescents is ongoing and is not yet 
publically available. According to an earlier NAHSIT 
survey on children and elderly people (NAHSIT, 2000–
2001), the major foods containing vitamin B-2 that are 
consumed by Taiwanese children are dairy products (0.33 
mg), pork (0.16 mg), eggs (0.13 mg), soft drinks (0.1 mg), 
rice (0.08 mg), and chicken (0.08 mg).10,30 The major 
sources of vitamin B-2 consumed by the elderly 
Taiwanese population are dairy products (0.52 mg), pork 
(0.12 mg), wheat and flour products (0.11 mg), fresh 
fruits (0.1 mg), and dark green and yellow vegetables 
(0.08 mg).31 In addition to dietary intake, another study 
investigated the effects of vitamin B complex on the risk 
prediction of all-cause mortality in the elderly Taiwanese 
population.32 Huang et al reported that the highest tertile 
of vitamin B-2 intake, after adjusting for dietary diversity, 
was found to be associated with a 40% increase in the 
mortality rate of the elderly Taiwanese population.32 
However, a higher intake of vitamin B-1 and B-6 was 
associated with a lower mortality risk for up to 10 years. 
Foods containing vitamin B-2 consumed by Taiwanese 
adolescents may belong to numerous protein-rich food 
groups and, to a lesser extent, vegetables or grains. 
Protein-rich foods such as seafood and meat are also rich 
in zinc. Because dietary zinc data are unavailable for 
research on Taiwanese children as well as the elderly 
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population, it is difficult to determine whether these 2 
groups eat the same foods that contain these nutrients (i.e., 
zinc and vitamin B-2). Future research focusing on 
dietary patterns is necessary to clarify the consumption 
patterns of foods containing both zinc and vitamin B-2. 
Understanding the effects of dietary patterns on hepatic 
well-being is critical because food consumption patterns 
can act as modifiable factors for NAFLD prevention.  

Our study had several limitations. First, the exclusion 
criterion for patients with hepatic disease (e.g., hepatitis 
viral infection) was based on a self-reported health 
history, not on clinical data (e.g., hepatitis surface 
antigen). Second, our study was confined because of the 
cross-sectional design. In order to establish causality for 
dietary zinc and vitamin B-2 intake with ALT activity, 
longitudinal studies are required to determine if changes 
in zinc/vitamin B-2 intake over time can be used to 
predict liver disease progression. Third, dietary records 
spanning only 24 hours might be too brief for use for 
obtaining reliable data on dietary intake. However, 
because of wide variations in geographical location and 
manpower limitations, our NAHSIT questionnaire for 
dietary intake was restricted to 24 hours. Henríquez-
Sánchez et al conducted a MEDLINE and EMBASE 
literature review of 5,746 vitamin studies, and reported 
the Food Frequency Questionnaire is suitable for 
assessing vitamin intake with correlation coefficients with 
a range of 0.43–0.67 for the 24-hour recall reference.33 
 
Conclusion 
Because of the rapid increase in NAFLD prevalence 
among children and adults, understanding the link 
between diet and hepatic health may help to prevent the 
onset and progression of NAFLD. 
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