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INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) is becoming the lead-

ing cause of liver damage in Western countries.1 Although the 

predisposition to progressive NAFLD is influenced by genetic heri-

tability,2 the factors leading to the progression from simple liver 
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steatosis to severe liver scarring and cirrhosis are not fully clear. 

One of the key mediators of this process may be arachidonic acid 

(AA),3 which is a potent pro-inflammatory molecule.4,5 The plasma 

AA level and its liver content depend on vitamin B6 bioavailabili-

ty.5-7 It also been demonstrated that highest vitamin B6 concen-

tration stimulates AA-derived eicosanoid production in the liver.8 

However, to date, human studies investigating the association be-

tween dietary vitamin B6 and liver steatosis are lacking. 

Recently, transient elastography (TE) was developed to detect 

and quantify liver steatosis by means of a non-invasive parameter, 

i.e. the controlled attenuation parameter (CAP) which correlates 

with the histopathological evaluation of hepatic steatosis.9,10 Epi-

demiological data on the association between dietary compo-

nents or body composition indices and hepatic steatosis assessed 

with this new test are very limited. Consequently, the primary aim 

of this study was to find out which nutritional factors, including 

vitamin B6, and body composition parameters were associated 

with the presence of hepatic steatosis. The primary outcome mea-

sure was hepatic fat content quantified using the CAP score. This 

study also aimed to investigate whether there was a difference in 

the CAP score depending on the different ranges of vitamin B6 

intake. 

MATERIALS AND METHODS

In this cross-sectional study we enrolled adult individuals invited 

by newspaper advertisements to be screened for the possible 

presence of liver steatosis by TE. The investigation was conducted 

from July to December 2015 at the “Mater Domini” Azienda Uni-

versity Hospital. The protocol was approved by local ethical com-

mittee of this Hospital (protocol number 2013.11). Written in-

formed consent was obtained from all par ticipants. The 

investigation conforms to the principles outlined in the Declara-

tion of Helsinki.

Exclusion criteria 

During the medical interview and examination, we excluded 

from the study those who, had clinical and laboratory signs of 

chronic hepatitis B and/or C virus infection, past and current alco-

hol abuse (> 20 g of alcohol per day; 350 mL (12 oz) of beer, 120 

mL (4 oz) of wine, and 45 mL (1.5 oz) of hard liquor each contain 

10 g of alcohol), current use or history of drug treatment causing 

hepatic steatosis, impaired liver function, presence of autoimmune 

or cholestatic liver disease, Type 1 and 2 diabetes mellitus, and 

those to whom it was not possible to measure CAP score for tech-

nical reasons. The following criteria were used to define diabetes: 

fasting blood glucose ≥126 mg/dL or antidiabetic treatment. 

Liver transient elastography 

TE can quantify liver steatosis by CAP assessment and measure 

liver stiffness.12 (Fibroscan®; Echosense SASU, Paris, France). Both 

stiffness and CAP score were obtained simultaneously and in the 

same volume of liver parenchyma. All patients were evaluated us-

ing the 3.5 MHz standard M probe on the right lobe of the liver 

through intercostal spaces with the patient lying supine and plac-

ing the right arm behind the head to facilitate access to the right 

upper quadrant of the abdomen. The tip of the probe transducer 

was placed on the skin between the rib bones at the level of the 

right lobe of the liver. All scans were performed by the same in-

vestigator. Liver stiffness was expressed by the median value (in 

kPa) of ten measurements performed between 25 and 65 mm 

depth. Only results with 10 valid shots and interquartile range 

(IQR)/median liver stiffness ratio<30% were included. The cut-off 

value for defining the presence of fibrosis was liver stiffness >7 

kPa.

We assessed CAP score using only the M probe because the 

CAP algorithm is specific to this device. Ten successful measure-

ments were performed on each patient, and only cases with ten 

successful acquisitions were taken into account for this study. The 

success rate was calculated as the number of successful measure-

ments divided by the total number of measurements. The ratio of 

the IQR of liver stiffness to the median (IQR/MLSM) was calculated 

as an indicator of variability. The final CAP score (ranged from 100 

to 400 decibels per meter (dBm−), was the median of individual 

measurements. The ratio of IQR in CAP values to the median (IQR/

M CAP) was used as an indicator of variability for the final CAP9]. 

In order to identify the presence of hepatic steatosis, three different 

cut-offs were evaluated: 216, 250 and 300 dB/m.10,11 

Dietary intake and cardiovascular risk factors 
assessment

Dietary intake data were assessed by a 24-hour recall and a 

seven-day food record,12,13 and calculated using nutritional soft-

ware MetaDieta 3.0.1 (Metedasrl, San Benedetto del Tronto, Ita-

ly). Precisely, the 24-hour recall was performed via a face-to-face 

interview with a dietitian who used images associated with a 
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comprehensive food list. The recall required 15–20 min to com-

plete for each participant. The patients were also asked to report 

any ingredients, food and food waste in a food diary for a 7-day 

period. Each patient was trained by a skilled dietitian before star-

ting the study. The dietitian showed how various foods should be 

recorded. The portion sizes used were based on the typical or na-

tural portion consumed (e.g., a slice of bread, one egg). When a 

typical portion size was not obvious, a commonly-used portion 

size was selected (e.g., one cup). The nutrient database used to 

calculate nutrient intake was derived primarily from Istituto Nazio-

nale Ricerca Alimentazione e Nutrizione (Italian National Research 

Institute for Food and Nutrition, INRAN) 2000 and European In-

stitute of Oncology (IEO) 2008.13 This database includes over 

5,000 foods and brand name products, and is updated annually.

Briefly, dietary intake data were entered directly into the soft-

ware MetaDieta. The software searches for foods and brand 

products by name. The coding of foods and their variable ingredi-

ents occurs as data are entered, with the simultaneous immediate 

calculation of nutrients. Nutrient values and other food compo-

nents were generated from the database together with food 

group assignments.

We assessed the presence of the classical cardiovascular (CV) 

risk factors, such as hyperlipidemia, hypertension, diabetes and 

smoking, from clinical records and patient interview.12,14,15 Blood 

pressure was determined at the time of the visit. Obesity was de-

fined by the presence of a body mass index (BMI) ≥30 kg/m2. 

Biochemical evaluation 

Venous blood was collected after fasting overnight into vacu-

tainer tubes (Becton & Dickinson, Plymouth, England) and centri-

fuged within 4 h. Serum glucose, total cholesterol, high density li-

poprotein (HDL)-cholesterol, triglycerides were measured with 

Enzymatic colorimetric test. Low-density lipoprotein (LDL) choles-

terol level was calculated by the Friedewald formula.16 Quality 

control was assessed daily for all determinations.

Anthropometric measurements 

Body weight was measured before breakfast with a calibrated 

scale and height measured with a wall-mounted stadiometer. BMI 

was calculated with the following equation: weight (kg)/height 

(m)2. Waist circumferences and hip circumferences (WC and HC) 

were measured with a nonstretchable tape.17 Bioelectrical imped-

ance analysis (BIA) (BIA-101, Akern srl, Florence, Italy) was per-

formed to estimate the percentage of Fat Mass (FM).17,18 

Statistical analysis

Data were reported as mean ± SD. A minimum of ninety eight 

subjects are required to detect a significant CAP score difference 

of at least 10% between vitamin B6 tertiles, with 80 % power on 

a two-sided level of significance of 0.05. 

Pearson’s correlation was used first in the whole population and 

it was, then, used in obese individuals to identify the variables cor-

related with CAP score given that the continuous variables were 

normally distributed. We analyzed the correlation with the follow-

ing variables: age, BMI, WC, HC, glucose, LDL, HDL, triglycerides, 

ALT, AST, SBP, DBP, FM, intake of calories, carbohydrates, fat, total 

protein, animal-based protein, plant-based protein, animal fat, veg-

etal fat, monounsaturated and polyunsaturated fatty acids, choles-

terol, saturated fat, vitamins, amino acids, alcohol per day. 

We categorized the whole population and, subsequently, only 

those with obesity, according to tertiles of vitamin B6 intake.  A 

chi square test was performed to compare the prevalence and 

ANOVA was performed to compare the means between tertiles, 

with a Fisher’s LSD test as a post-hoc analysis.

A logistic regression analysis was performed to test the associa-

tion between tertiles of vitamin B6 intake and all of the potentially 

confounding variables, as independent variables, with hepatic ste-

atosis serving as the dependent variable (binary variable; CAP score 

>300 dB/m)11 (potential confounders were all those factors correlat-

ed with CAP score in the univariate analysis with a P-value <0.1).

In addition, stepwise multivariable linear regression analysis 

was used in both the whole population and the obese. The main 

independent variable plus all of the confounding variables were 

entered into one model, with the CAP score as independent vari-

ables. 

Finally, in those obese, a Pearson’s correlation was used to 

identify the food groups eventual correlated with vitamin B6 in-

take, that were the following: grains, meat, alcohol, beer, seed 

oils, trans saturated fatty acid, cheeses and calories. Significant 

differences were assumed to be present at P<0.05 (two-tailed). 

All analyzes were performed using SPSS 20.0 for Windows (S. 

Wacker Drive, Chicago, Illinois 60606, USA).

RESULTS 

A total of 168 subjects were consecutively enrolled in the study. 



252 http://www.e-cmh.org

Clin Mol Hepatol
Volume_23  Number_3  September 2017

https://doi.org/10.3350/cmh.2017.0019

Table 1 shows the participants’ demographic, anthropometrics 

and clinical characteristics. Mean age was 44±16 years. Mean 

BMI was 29±6 kg/m2. A total of 58 individuals (34.5%) were 

obese. In the whole population, 75% had a CAP value ≥216, 

47% ≥250, and 20% ≥300 dBm−1.

Table 2 shows the factors correlated with the CAP score. Vita-

min B6 correlated with the CAP score (r=0.13; P= 0.08). As ex-

pected, BMI, WC, glucose, triglycerides, ALT, AST correlated with 

the CAP score (r=0.51, P =0.001; r=0.60, P<0.001; r=0.35, 

P<0.001; r=0.44, P<0.001; r=0.32, P<0.001; r=0.46, P<0.001, 

respectively) while no association was found with alcohol or beer 

consumption. Furthermore, total carbohydrates, fat and protein 

intake and monounsaturated fatty acids and saturated fat corre-

Table 1. Participant demographic, anthropometric, and clinical charac-
teristics (whole population)

Variables Value

Age (years) 44 (16)

BMI (kg/m²) 29 (6)

WC (cm) 95 (15)

HC (cm) 108 (12)

SBP (mmHg) 123 (14)

DBP (mmHg) 76 (9)

FFM (%) 69 (10)

FM (%) 31 (10)

CAP score (dB/m) 248 (55)

Liver Stiffness (kPa) 4.9 (1.3)

Glucose (mg/dL) 91 (10)

Total cholesterol (mg/dL) 188 (35)

HDL cholesterol (mg/dL) 56 (15)

LDL cholesterol (mg/dL) 111 (32)

Triglycerides (mg/dL) 107 (71)

AST (IU/L) 21 (8)

ALT (IU/L) 22 (14)

Prevalence (%)

Obesity 35

Hyperlipidemia 23

Hypertension 24

Smokers 74

Values are presented as mean (SD) unless otherwise indicated.
BMI, body mass index; WC, waist circumferences; HC, hip circumferences; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; FFM, free 
fat mass; FM, fat mass; CAP, controlled attenuation parameter; HDL, 
high density lipoprotein; LDL, low density lipoprotein; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase.
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Table 3. Participant demographic, anthropometric, and clinical characteristics according to vitamin B6 tertile of intake (whole population) 

Variables
I tertile (n=56)

1.13 ± 0.2 mg/day
II tertile (n=56)

1.66 ± 0.2 mg/day
III tertile  (n=56)

2.41 ± 0.6 mg/day
P-value

P-value
Post-Hoc Analysis

Age (years) 46 ± 16 43 ± 17 43 ± 16 0.47 NS

BMI (kg/m²) 28.5 ± 6 28.3 ± 7 30.2 ± 6 0.16 NS

WC (cm) 94 ± 15 93 ± 15 98 ± 16 0.12 NS

HC (cm) 107 ± 10 106 ± 13 110 ± 12 0.16 NS

SBP (mmHg) 121 ± 12 121 ± 13 125 ± 17 0.23 NS

DBP (mmHg) 75 ± 9 75 ± 9 78 ± 9 0.13 NS

FFM (%) 68 ± 10 69 ± 11 69 ± 9 0.68 NS

FM (%) 32 ± 10 31 ± 11 31 ± 9 0.68 NS

CAP score (dB/m) 234 ± 54 249 ± 58 263 ± 48 0.017 I vs. III 0.004

Liver stiffness (kPa) 4.9 ± 1.3 4.7 ± 1.2 5.2 ± 1.3 0.17 NS

Glucose (mg/dL) 89 ± 10 91 ± 10 92 ± 11 0.28 NS

Total cholesterol (mg/dL) 184 ± 32 188 ± 37 194 ± 35 0.35 NS

HDL cholesterol (mg/dL) 57 ± 16 55 ± 15 56 ± 15 0.78 NS

LDL cholesterol (mg/dL) 108 ± 30 111 ± 30 116 ± 34 0.44 NS

Triglycerides (mg/dL) 95 ± 51 107 ± 63 120 ± 93 0.18 NS

AST (IU/L) 21 ± 9 22 ± 9 20 ± 7 0.53 NS

ALT (IU/L) 20 ± 13 24 ± 16 23 ± 14 0.37 NS

Prevalence

Hyperlipidemia (%) 24 27 17 0.40

Hypertension (%) 29 25 17 0.29

Smokers (%) 75 71 78 0.77

BMI, body mass index; WC, waist circumferences; HC, hip circumferences; SBP, systolic blood pressure; DBP, diastolic blood pressure; FFM, free fat mass; FM, 
fat mass; CAP, controlled attenuation parameter; HDL, high density lipoprotein; LDL, low density lipoprotein; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; NS, non significant.

Table 4. Factors associated with hepatic steatosis in the whole population in logistic regression analysis

Dependent variable (Hepatic steatosis) B SE p OR (C.I. 95%)

BMI   0.26 0.11 0.023 1.29 (1.04-1.61)

Glucose  0.15 0.06 0.009 1.16 (1.04-1.30)

Triglycerides  0.02 0.01 0.004 1.02 (1.01-1.04)

ALT  0.14 0.04 0.001 1.15 (1.06-1.25)

Tertiles of Vitamin B6 intake -1.89 0.85 0.026 0.15 (0.03-0.80)

B, unstandardized coefficients; SE, standard errors; p, probability value; OR, odds ratio; C.I., confidence interval; BMI, body mass index; ALT, alanine 
aminotransferase.

Table 5. Factors associated with controlled attenuation parameter score in the whole population in multivariable linear regression analysis

Dependent variable (CAP score) B SE β p
C.I. 95%

LL UL

BMI 2.64 0.61 0.29 <0.001 1.4 3.9

Glucose 0.72 0.36 0.13 0.048 0.08 1.4

Triglycerides 0.99 0.05 0.24 <0.001 0.08 0.27

ALT 1.05 0.5 0.24 <0.001 0.53 1.5

Tertiles of Vitamin B6 intake 8.14 4.0 0.12 0.044 0.01 16

CAP, controlled attenuation parameter; B, unstandardized coefficients; SE, standard errors; β, standardized coefficients; p, probability value; C.I., confidence 
interval; LL, lower limit; UL, upper limit; BMI, body mass index; ALT, alanine aminotransferase.
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lated with the CAP score. 

Table 3 shows the characteristics of the whole population 

according to vitamin B6 tertiles. Participants in tertile I (low-

est vitamin B6 intake) had a lower CAP score than those in 

the tertile III (highest intake, P=0.004; post-hoc analysis, Ta-

ble 3). All other factors were not significantly different be-

tween tertiles. 

Logistic regression analysis (Table 4) showed that the tertiles 

of vitamin B6 intake were positively associated with the pres-

ence of hepatic steatosis (B=-1.89; SE=0.85, P=0.026, CI 

0.03-0.80) as well as tryglicerides, glucose, ALT and BMI. In 

the stepwise multivariable analysis, the CAP score remained 

still positively associated with vitamin B6 tertiles (B=8.14; 

SE=4; P=0.04; CI 0.01-16.1), tryglicerides, glucose, ALT and 

BMI while all other factors showed no association (Table 5).

Subgroup with obesity

The mean age was 51±11 years. In this group, 89% had a 

CAP value ≥216, 70% ≥250 and 36% ≥300 dBm−1. Table 

6 shows the factors that were correlated with CAP score. 

Again Vitamin B6 correlated with the CAP score (r=0.40; 

P=0.01). As in the whole population, BMI, WC, glucose, tri-

glycerides, ALT and AST again correlated with the CAP score. 

Unlike the whole population, age correlated with the CAP 

score (r=0.20, P=0.02). Furthermore, a correlation was found 

between vitamin B3 intake and the CAP score, showing a 

higher r value with a stronger P-value than the intake of other 

macronutrients and micronutrients (r=0.42, P<0.001). 

Table 7 shows the participants’ characteristics according to 

vitamin B6 tertiles. Participants in tertile I had a lower CAP 

score than those in tertile III (P=0.01; post-hoc analysis, Table 7) 

and those in tertile II had a lower CAP score than participants 

in tertile III (P=0.04; post-hoc analysis; Table 7). Participants 

in I tertile had also a lower SBP and DBP than those in tertile 

III (P=0.008 and P=0.001 respectively; post-hoc analysis, Ta-

ble 7) and those in tertile II had a lower SBP and DBP than in-

dividuals in tertile III (P=0.007; P=0.005 respectively, post-hoc 

analysis; Table 7). In the stepwise multivariable analysis, the 

CAP score was still remained positively associated with total 

protein intake (B=0.56; SE=0.23; P=0.019; CI 0.10-1.02), try-

glicerides and ALT while all the other factors showed no asso-

ciation (Table 8). In tertile II, 40% of individuals had Steatosis 

grade S2 and 23% had S310].  In those in tertile III, 45% had 

steatosis grade S3 and 27% had S2.Ta
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A Pearson’s correlation identified foods groups correlated with 

vitamin B6 intake confirming the lack of correlation between vita-

min B6 and alcohol or beer consumption (P=0.39, r=0.11 and 

P=0.27, r=0.15 respectively) while a correlation between intake 

of vitamin B6 and grains, meat and cheeses consumption and cal-

ories was present (P=0.03, r=0.29; P<0.001, r=0.62, P=0.04, 

r=0.38 and P<0.001, r=0.48, respectively; table not shown). 

DISCUSSION 

To the best of our knowledge, this is the first study demonstrat-

Table 7. Obese participant demographic, anthropometric, and clinical characteristics according to vitamin B6 tertile of intake

Variables
I tertile (n=19)

1.0 ± 0.1 mg/day
II tertile (n=19)

1.4 ± 0.1 mg/day
III tertile (n=20)

2.1 ± 0.3 mg/day
P-value

P-value
Post-Hoc Analysis

Age (years) 52 ± 9 50 ± 13 51 ± 13 0.84 NS

BMI (kg/m²) 36 ± 6 36 ± 5 36 ± 5 0.96 NS

WC (cm) 113 ± 15 110 ± 10 112 ± 13 0.60 NS

HC (cm) 117 ± 14 121 ± 12 119 ± 11 0.59 NS

SBP (mmHg) 127 ± 10 127 ± 10 137 ± 15 0.010 I vs. III 0.008
II vs. III 0.007

DBP (mmHg) 80 ± 7 79 ± 7 86 ± 11 0.012 I vs. III 0.001
II vs. III 0.005

FFM (%) 62 ± 7 59 ± 7 64 ± 8 0.18 NS

FM (%) 38 ± 7 40 ± 7 36 ± 8 0.18 NS

CAP score (dB/m) 263 ± 46 268 ± 40 297 ± 47 0.038 I vs. III 0.017
II vs. III 0.042

Liver Stiffness (kPa) 8.0 ± 10 5.5 ± 1.5 5.7 ± 1.3 0.36 NS

Glucose (mg/dL) 97 ± 14 91 ± 11 98 ± 11 0.21 NS

Total cholesterol (mg/dL) 196 ± 42 198 ± 35 198 ± 34 0.98 NS

HDL cholesterol (mg/dL) 54 ± 15 56 ± 10 52 ± 24 0.83 NS

LDL cholesterol (mg/dL) 114 ± 33 116 ± 30 112 ± 39 0.92 NS

Triglycerides (mg/dL) 116 ± 64 121 ± 50 159 ± 122 0.21 NS

AST (IU/L) 20 ± 8 22 ± 6 22 ± 9 0.42 NS

ALT (IU/L) 23 ± 14 22 ± 10 27 ± 19 0.86 NS

Prevalence

Hyperlipidemia (%) 40 36 44 0.77

Hypertension (%) 41 33 43 0.90

Smokers (%) 41 29 48 0.67

BMI, body mass index; WC, waist circumferences; HC, hip circumferences; SBP, systolic blood pressure; DBP, diastolic blood pressure; FFM, free fat mass; FM, 
fat mass; CAP, controlled attenuation parameter; HDL, high density lipoprotein; LDL, low density lipoprotein; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; NS, non significant.

Table 8. Step-wise, multivariable linear regression analysis of factors associated with controlled attenuation parameter score in obese individuals

D�ependent variable  
(CAP score)

B SE β p
C.I. 95%

LL UL

ALT 1.17 0.41 0.46 <0.001 0.86 2.52

Triglycerides 0.19 0.06 0.35   0.003 0.07 0.32

Total protein intake 0.56 0.23 0.28   0.019 0.10 1.02

CAP, controlled attenuation parameter; B, unstandardized coefficients; SE, standard errors; β, standardized coefficients; p, probability value; C.I., confidence 
interval; LL, lower limit; UL, upper limit; ALT, alanine aminotransferase.
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ing the positive association between the presence of hepatic ste-

atosis, assessed by TE, and tertiles of vitamin B6 intake. Further-

more, in obese individuals we found a positive association 

between the liver fat content, measured by the CAP score, and 

total protein intake. In this subgroup we found a correlation be-

tween the intake of vitamin B6 and food groups such as meat, 

grains, and cheeses. As expected, both the liver steatosis and 

CAP score were associated with serum glucose, triglycerides, BMI 

and ALT. Finally, we found a parallel increase in the CAP score 

with increasing vitamin B6 intake. In both the whole population 

and the subgroup of obese individuals, we found that participants 

in the lowest vitamin B6 tertile had a lower CAP score than those 

in the highest tertiles and all other variables showed no signifi-

cant differences between tertiles. 

Previous studies have demonstrated the detrimental effects that 

several dietary components have on promoting the development 

and progression of NAFLD.1,2 Although previous studies have at-

tempted to establish the dietary risk factors for NAFLD in the gen-

eral population using the 7-day food record,13,19 the role of vitamin 

B6 intake on liver steatosis has been scarcely studied in humans. 

There have also been few investigations into the association be-

tween body composition parameters and the CAP score. Never-

theless our study was not designed to explore the mechanisms 

underlying the pathogenic role of vitamin B6 on NAFLD. Instead it 

suggests that an association may exist, thus generating hypothe-

ses for future research. 

It has been already demonstrated that the synthesis of AA from 

linoleate involves vitamin B6.20,21 A high production of AA can in-

crease the synthesis of AA-derived eicosanoids, curtailing that of 

eicosapentaenoic acid (EPA).22 This is now considered an impor-

tant mechanism in the pathogenesis of NAFLD.23 In fact, high 

AA–derived eicosanoids lead to the synthesis of 2-series prosta-

glandins and thromboxanes and 4-series leukotrienes, which play 

a crucial role in regulating the production of proinflammatory cy-

tokines, the production of reactive oxygen species and neutrophil 

activation.23,24

Our study appear to diverge from other investigations which 

have shown a beneficial effect of dietary pyridoxal 5′-phosphate 

and pyridoxal, in particular on lipid glycation and lipid peroxida-

tion.25 However, these positive effects were demonstrated in 

streptozotocin (STZ)-induced diabetic rats while no effect was 

found in normoglycaemic rats.25 In human studies, the clinical val-

ue of pyridoxine and pyridoxine-pyrrolidone carboxylate on liver 

disease has only been demonstrated in the treatment of acute al-

cohol intoxication,26 and with controversial results.27 It is clear 

that further research on this issue is needed to fully elucidate the 

precise role played by dietary vitamin B6 in the development of 

liver inflammation and steatosis. 

In this study, a correlation was found between vitamin B3 in-

take and the CAP score, showing a higher r value with a stronger 

P-value than the intake of other macronutrients and micronutri-

ents (r=0.42, P<0.001). However, we investigated the potential 

effects of vitamin B6 intake since it participates as a cofactor in 

transamination reactions, non-oxidative deamination and long 

chain fatty acid synthesis in the liver and needs to be obtained 

exogenously.7,8 On the contrary, the intestine is capable of partial-

ly synthesizing vitamin B3. Furthermore, dietary tryptophan can 

be converted into vitamin B3. The synthesis of vitamin B3 (niacin) 

from tryptophan depends on enzymes requiring vitamin B6. Thus, 

in our study we focused on vitamin B6 and excluded vitamin B3 

from further statistical analyses because it is difficult to investi-

gate the potential effects derived only from vitamin B3 contained 

in foods.

In our study, the positive association between liver steatosis 
and vitamin B6 may merely indicate a high meat consumption 
in those participants with a high CAP score. This is confirmed 
by the correlation between the CAP score and animal-based 
protein. Furthermore, the consumption of meat significantly 
contributes to vitamin B6 levels.28 The recommended daily in-
take of vitamin B6, for adults, is 1.7 mg in men and 1.3 mg in 
women29 while in our investigation, participants from tertile III 
(50% were male) exceeded these levels. It has already been 
demonstrated that over-consumption of meat and grains in-
creases the risk of developing NAFLD.30,31 Individuals with 
NAFLD have a greater intake of total protein per day compared 
to those without NAFLD.32 In line with these findings, our 
study confirms the importance of restricting the consumption 
of particular food groups, in order to also limit the amount of 
vitamin B6. Furthermore, in the subgroup of obese individuals, 
we found a correlation between the intake of vitamin B6 and 
meat, grains, and cheese consumption. 

Some strengths and weaknesses must be pointed out in this 
study. In order to detect hepatic steatosis, three different cut-
offs were evaluated. Currently, numerous research on CAP 
technology has been performed on small cohorts that differ in 
term of their etiologies and cut-offs. Consequently, in this 
study three cut-offs were chosen because they include most of 
the previously published cut-offs for the diagnosis of steatosis 
>33%.10,11 However, irrespective of the steatosis grade and cut-
offs used, an important finding in our study is an increase in 
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the CAP score with an increasing vitamin B6 intake.In this 
study, we did not carry out a liver ultrasonography which is the 
most common liver imaging technique used in both research 
and clinical practice. However, it is well known that it is highly 
operator- and machine-dependant and cannot quantify steato-
sis.33 CAP assessment has overcome this limitation, with the 
additional advantage of being able to exclude fibrosis and cir-
rhosis. Furthermore, it is well known that a liver biopsy is the 
gold standard for the assessment of hepatic steatosis, necroin-
flammation and fibrosis and, in this regard, now the CAP score 
provides a standardized non-invasive measure of hepatic 
steatosis.34Our study was limited by its cross-sectional design, 
thus, it is impossible to infer causality. In particular, it is diffi-
cult to prove that a 7-day intake of vitamin B6 could have an 
effect on liver steatosis development, which is a slow progres-
sive disease. Furthermore, data collected in this manner may 
be open to errors due to the method of data acquisition as well 
as the unreliability of patient recall and/or reporting. However, 
previous studies have identified the dietary risk factors for 
NAFLD using this method.13,19 In addition, it is well accepted 
that a 7-day record gives a representative measure of the ha-
bitual dietary intake, especially when conducted under the 
same conditions.35-37 Several fundamental studies found an as-
sociation between hepatic damage and increasing doses of al-
cohol, which were estimated only on the basis of a dietary in-
take assessment.13,38,39 Our study suggests the possibility that 
an increased vitamin B6/total protein intake may have a role in 
the pathogenesis of fatty liver. 

Finally, we believe that this study raises several important is-
sues regarding the independent influence of vitamin B6, BMI 
or other anthropometric and laboratory parameters on hepatic 
steatosis. However, despite it is being well accepted that only 
visceral obesity seems to be the main source of pro-steatogenic 
mediators, it also has been suggested that, among patients 
with hepatic steatosis, the presence of visceral obesity does 
not seem to be a major determinant for non-alcoholic steato-
hepatitis.40 In humans, genetic polymorphisms associated with 
NAFLD may also dissociate hepatic steatosis from obesity and 
insulin resistance.41 In addition, a percentage of NAFLD pa-
tients in tertiary care are lean and, compared with obese indi-
viduals, had higher aminotransferase levels.40 Finally, NAFLD is 
more frequently ignored in normal weight populations who 
may have a high total protein intake.40 Further studies, specifi-
cally in this set of patients, are necessary in order to better un-
derstand the nature of the interaction between all these po-

tential risk factors for hepatic steatosis. We believe that these 
results can help to suggest other mechanisms and to hypothe-
size new dietary factors involved in the pathogenesis of 
NAFLD. 
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