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Dietary Vitamin E intake is associated with a reduced risk of developing digestive diseases
and NAFLD
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Abstract

Introduction: Vitamin E supplementation is recommended for the treatment of non-alcoholic fatty
liver disease (NAFLD) for nondiabetic patients, but its preventative effects are unclear.

Methods: We assessed dietary Vitamin E intake with disease phenotypes and evaluated Vitamin E
levels with the development of NAFLD.

Results: Data from >210,000 participants demonstrate that increased dietary Vitamin E associates
with reduced rates of several gastrointestinal diseases and reduced overall mortality. Diabetic and
overweight subjects with increased Vitamin E intake have fewer NAFLD diagnoses.

Conclusion: Our findings reveal the relevance of Vitamin E consumption for several gastrointestinal

diseases and warrant further mechanistic and therapeutic investigations.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is characterised by lipid droplet accumulation in
the hepatocytes and affects approximately 20-30% of the general population (1). NAFLD is a
multisystem disease and is a risk factor for developing type 2 diabetes (T2D), cardiovascular
disease, insulin resistance, and kidney disease (2). The most effective therapeutic intervention for
NAFLD is lifestyle modification involving a healthy diet, weight loss, and increased physical activity
(3-5). However, currently, there are no approved pharmacological agents available to treat NAFLD
directly.

Growing evidence supports the potential benefits of Vitamin E on NAFLD development.
Vitamin E is a lipid-soluble vitamin with antioxidant, anti-inflammatory, and anti-apoptotic properties
and has shown promise in treating NAFLD and NASH (6-9). The American Association for the Study
of Liver Disease (10) and the European Association for the Study of the Liver (11) guidelines
recommend Vitamin E supplementation in patients with biopsy-proven NASH without diabetes.
However, current evidence is lacking to support the use of Vitamin E for other NAFLD patient
subgroups or as a preventative measure in NAFLD risk populations. Here, we studied the
associations between dietary intake of Vitamin E and 1495 medically defined phenotypes
(PheCodes) available for >210,000 UK Biobank (UKB) study participants. Participants with
increased dietary Vitamin E intake were less likely to be diagnosed with digestive diseases,
including NAFLD, as well as cardiovascular diseases and other digestive disorders.

Methods

For this study, we used the UKB dataset reference number 71300. Information about the
UKB cohort (Suppl. Table 1), dietary intake information, and the study endpoints is described in the
Supplementary Materials.
Phenome-Wide Association Study (PheWAS)

A PheWAS was performed to examine causal linkage between dietary Vitamin E intake and

clinical phenotypic outcomes. Average Vitamin E intake data was extracted from participant dietary
guestionnaires divided by daily energy intake(Suppl. Methods) and corrected for age, sex, BMI,
smoking, alcohol consumption/total daily energy intake, fat/total daily energy intake,
carbohydrates/total daily energy intake, protein/total daily energy intake, and Mediterranean Diet
Score (MDS, Suppl. Table 2). Participants with reported use of Vitamin E supplements were
excluded from the study. Adjusted Vitamin E intake was then analyzed for phenotype associations
using coding for clinical diagnoses with the ICD-10 coding systems. ICD-10 codes from electronic
health records were collated throughout the study period and removed duplicates for each study
subject. ICD-10 codes were converted to n=1495 associated PheCodes using the PheWAS
package version 0.99.5-5 in R. The association of increased dietary intake of % Vitamin E/total

energy consumption with the development of each PheCode was analysed by a continuous model.
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Statistics

All continuous variables were presented as mean + standard deviation (SD) (normal distribution).
Categorical variables were displayed as relative (%) frequencies. Univariate ANOVA was used to
determine overall differences between the four quartiles of Vitamin E consumption. For PheWAS
analysis, odds ratios (ORs) are presented with their corresponding 95% confidence intervals (Cl)
given in brackets. Multivariable-adjusted Cox regression was used to estimate Hazard rations (HRs)
for the associations between Vitamin E intake and mortality. All multivariable analyses were
corrected for age, sex, BMI, smoking, daily energy intake, daily alcohol consumption/ energy intake,
daily fat/energy intake, daily carbohydrates/energy intake, daily protein/energy intake and
Mediterranean Diet Score. Differences were considered to be statistically significant if p<0.05. For
PheWAS analyses, False discovery rate correction was performed to account for multiple testing for
the number of the major ICD categories analyzed (p<.0.0032) (12). The data were analyzed using R
version 4.0.2 (R Foundation for Statistical Computing; Vienna, Austria), SPSS Statistics version 26
(IBM; Armonk, NY, USA), and Prism version 8 (GraphPad, LaJolla, CA, USA).

Results

We investigated the associations between increased dietary Vitamin E intake and disease
occurrence using the UKB dataset consisting of 210,667 individuals with valid information on
nutritional intake (Suppl. Table 3). Multivariable PheWAS analysis indicated that increased Vitamin
E intake was most strongly associated with decreased occurrence of chronic airway obstruction
(OR= 0.80; p=4.6x10"°) followed by tobacco use disorder (OR=0.81, p=5.0x10?%) and diseases of
the oesophagus (OR= 0.92, p= 1.1 x10™), and oesophagitis, gastroesophageal reflux disease
(GERD) (OR=0.92; p=6.6x10"°) (Figure 1, Suppl. Table 4). Interestingly, “Chronic liver disease and
cirrhosis” and “other non-alcoholic liver diseases” were among the digestive PheCodes with the
strongest effect per SD Vitamin E increase (Suppl. Table 4). A SD (0.038%) increase in percent
dietary Vitamin E per kJ energy consumed was associated with decreased occurrence of “other
non-alcoholic liver diseases”, the PheCode for NAFLD (OR= 0.91; p=1.3x10"%) (Suppl. Table 4). Of
the 1495 PheCodes assessed, five were significantly overrepresented per SD increase in dietary
Vitamin E intake, including Malaise, Chronic Fatigue Syndrome, Schmorl's nodes disease (spinal
disc herniation), anaemia in neoplastic disease, and eating disorder (Suppl. Table 4), suggesting
higher Vitamin E intake is associated with increased occurrence of fatigue symptoms (Suppl Table
4). Importantly, we found that a SD increase in percent dietary Vitamin E per kJ energy consumed
reduced overall mortality by 5.3% (p<.0001) (Suppl. Table 5).
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Dietary Vitamin E intake and NAFLD

Because the PheWAS analysis supported a protective role of Vitamin E intake against
digestive diseases, we next investigated the possible association between dietary Vitamin E and
NAFLD occurrence based on ICD-10 and liver image-proven diagnoses. Each SD Vitamin E
increase per kJ energy intake reduced the risk of NAFLD ICD-10 diagnosis by 12.5 % (Suppl. Table
6) and a reduced MRI diagnosis of NAFLD by 24.3%, in a random subset of participants 1.5 years
after the first dietary questionnaire (Suppl. Table 7). Lastly, we studied the effect of increased
Vitamin E intake on NAFLD development in at-risk subpopulations (Figure 2). The protective effect
of increased Vitamin E intake on NAFLD development was more pronounced in the presence of
T2D and modestly evident in overweight patients (Figure 2). Patients with T2D with higher Vitamin E
intake were, on average, 20% less likely to develop ICD10-coded or imaging diagnosed NAFLD

than their low Vitamin E consuming counterparts.

Discussion

Vitamin E supplementation for NAFLD treatment has shown beneficial outcomes in nondiabetic
patients but has not yet been fully evaluated for preventative effects, especially in at-risk
populations (13, 14). We analysed the UKB database to delineate the relevance of dietary Vitamin E
for human health and discovered >75 PheCodes that are significantly associated with increased
Vitamin E intake. Among other digestive diseases, our study revealed a strong inverse association
with NAFLD diagnosis. We then validated this association by assessing the effect of increased
Vitamin E intake on NAFLD diagnosed by MRI. Interestingly, the protective effect of Vitamin E was
most pronounced in overweight or diabetic subjects. Additionally, our analyses revealed that
increased dietary Vitamin E intake is associated with reduced overall mortality. This contrasts with
prior reports suggesting high Vitamin E intake, particularly from supplementation, may increase all-
cause mortality (15, 16). These associations were strongest among users of high-dose
supplementation (>400 IU/day), and more recent meta-analyses of these data failed to replicate
these negative outcomes (17, 18). Although our analyses are only correlative, our data clearly
suggest that increasing dietary Vitamin E might have a long-term beneficial effect with a reduction in
overall mortality, and dietary Vitamin E intake is unlikely to reach the potentially dangerous levels
associated with increased mortality. This study is limited by the sample population characteristics,
potential misclassification or underdiagnosis of conditions by ICD codes, and the reliance on self-
reported dietary questionnaires; however, the analyses are strengthened by the large number of
study subjects and long follow-up period. Therefore, this study presents the largest analysis
published to date on the effects of dietary Vitamin E on NAFLD and related cardiometabolic

diseases. In conclusion, this study demonstrates that increased dietary intake of Vitamin E may be
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protective from developing NAFLD and other cardiometabolic diseases. Further studies are needed

to identify the underlying mechanisms of Vitamin E on NAFLD pathophysiology and prevention.
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Figure Legends:

Figure 1: Multivariable PheWAS of the effect of increased Vitamin E intake on disease
occurrence. Manhattan plot of adjusted —logl0 (P-values) for all PheCodes comparing their
occurrence per SD increase in Vitamin E consumption/total daily energy corrected for age, sex,
BMI, smoking, alcohol consumption/total daily energy, fat/total daily energy, carbohydrates/total
daily energy, protein/total daily energy, and Mediterranean Diet Score (MDS). Highlighted are
associations results with p-values <10~.

Figure 2: Increased Vitamin E intake protects from future ICD10 NAFLD diagnosis and risk of
liver fat on imaging in patients that are at risk of metabolic outcomes. Subjects were stratified
by Vitamin E intake levels and assessed for NAFLD diagnosis with either diabetes mellitus (DM) or
overweight (BMI=25kg/m?. Analyses were calculated per SD increase in Vitamin E
consumption/total daily energy corrected for age, sex, BMI, smoking, alcohol consumption/total daily
energy, fat/total daily energy, carbohydrates/total daily energy, protein/total daily energy, and MDS.
A) Each SD increase in Vitamin E/kJ resulted in approximately 20% decrease in ICD10 NAFLD
diagnosis in subjects with T2D, and approximately 13% in overweight subjects. B) Per SD Vitamin
E/kJ increase, risk of steatosis on MRI decreased by 28% in subjects with T2D and approximately

by 25% in overweight subjects.
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