Received: 6 September 2023
DOI: 10.1111/dom.15378

Revised: 26 October 2023 Accepted: 5 November 2023

ORIGINAL ARTICLE WILEY

Association of five diet scores with severe NAFLD incidence: A
prospective study from UK Biobank

Fernanda Carrasco-Marin MSc??® |

Jirapitcha Boonpor MSc'* | Solange Parra-Soto MSc'® | Oliver Shannon PhD¢ |
Fiona Malcomson PhD® | Nathan Phillips MSc® | Mahek Jain MSc?! |

Salil Deo MD78? ® | Katherine M. Livingstone PAD° | Sara E. Dingle MSc® |
John C. Mathers PhD® | Ewan Forrest MD'! | Frederick K. Ho PhD” © |

Jill P. PellMD? | Carlos Celis-Morales PhD 12

Fanny Petermann-Rocha PhD %2 |

1School of Cardiovascular and Metabolic Health, University of Glasgow, Glasgow, UK

2Centro de Investigacion Biomédica, Facultad de Medicina, Universidad Diego Portales, Santiago, Chile

3Centro de Vida Saludable, Universidad de Concepcién, Concepcién, Chile

4Faculty of Public Health, Kasetsart University, Chalermphrakiat Sakon Nakhon Province Campus, Kasetsart University, Sakon Nakhon, Thailand
SDepartment of Nutrition and Public Health, Universidad del Bio-Bio, Chillan, Chile

®Human Nutrition & Exercise Research Centre, Centre for Healthier Lives, Population Health Sciences Institute, Newcastle University, Newcastle upon Tyne, UK
7School of Health and Wellbeing, University of Glasgow, Glasgow, UK

8Surgical Services, Louis Stokes Cleveland VA Medical Center, Cleveland, Ohio, USA

?Case School of Medicine, Case Western Reserve University, Cleveland, Ohio, USA

1OInstitute for Physical Activity and Nutrition, School of Exercise and Nutrition Sciences, Deakin University, Geelong, Victoria, Australia
1Department of Gastroenterology, Glasgow Royal Infirmary, University of Glasgow, Glasgow, UK

12Human Performance Laboratory, Education, Physical Activity and Health Research Unit, Universidad Catdlica del Maule, Talca, Chile

Correspondence

Carlos Celis-Morales, School of Cardiovascular
and Metabolic Health, University of Glasgow,
Glasgow, UK.

Abstract

Aim: This study aimed to contrast the associations of five common diet scores with

Email: carlos.celis@glasgow.ac.uk

Funding information

Welsh Assembly Government and the British
Heart Foundation; National Health and
Medical Research Council Emerging Leadership
Fellowship, Grant/Award Number:
APP1173803; Royal Thai Government
Scholarship; Chilean Government

severe non-alcoholic fatty liver disease (NAFLD) incidence.

Materials and Methods: In total, 162 999 UK Biobank participants were included in
this prospective population-based study. Five international diet scores were included:
the 14-ltem Mediterranean Diet Adherence Screener (MEDAS-14), the Recom-
mended Food Score (RFS), the Healthy Diet Indicator (HDI), the Mediterranean Diet
Score and the Mediterranean-DASH Intervention for Neurodegenerative Delay score.
As each score has different measurements and scales, all scores were standardized
and categorized into quartiles. Cox proportional hazard models adjusted for con-
founder factors investigated associations between the standardized quartiles and
severe NAFLD incidence.

Results: Over a median follow-up of 10.2 years, 1370 participants were diagnosed

with severe NAFLD. When the analyses were fully adjusted, participants in quartile
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4 using the MEDAS-14 and RFS scores, as well as those in quartiles 2 and 3 using the
HDI score, had a significantly lower risk of severe incident NAFLD compared with
those in quartile 1. The lowest risk was observed in quartile 4 for the MEDAS-14
score [hazard ratio (HR): 0.76 (95% confidence interval (Cl): 0.62-0.94)] and the RFS
score [HR: 0.82 (95% ClI: 0.69-0.96)] and as well as in quartile 2 in the HDI score [HR:
0.80 (95% Cl: 0.70-0.91)].

Conclusion: MEDAS-14, RFS and HDI scores were the strongest diet score predic-
tors of severe NAFLD. A healthy diet might protect against NAFLD development irre-

spective of the specific approach used to assess diet. However, following these score

recommendations
NAFLD risk.

KEYWORDS

1 | INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is defined as excessive fat
accumulation in the liver.%? NAFLD, including its progressive form
[non-alcoholic steatohepatitis (NASH)], is the leading cause of global
liver disease.! In 2022, a meta-analysis highlighted that the incidence
of NAFLD rose to almost 47 cases per 1000 person-years.? Although
this meta-analysis included mainly data from Asian populations,? other
global estimates are consistent with this figure.®

Unhealthy diets, such as high-calorie diets, diets high in refined
carbohydrates, fructose, ultra-processed foods or saturated fats,
have been linked with obesity, an independently recognized risk fac-
tor in NAFLD development.* As a result, it is unsurprising that diet
plays a crucial role in preventing or causing NAFLD.>"® As no spe-
cific pharmacotherapy treatment for NAFLD exists,” lifestyle modifi-
cations are still the first line recommendation for prevention and
treatment.1%11

Individual foods and nutrients are not consumed in isolation.*?
Therefore, studying one dietary risk factor without considering others
could under- or overestimate overall associations between diet and
adverse health outcomes such as NAFLD. Similarly, this approach fails
to appreciate the complex synergistic/cumulative impact of different
foods/nutrients on health. Using a cumulative combination of nutrients
and foods as an overall dietary pattern may provide a more robust
assessment of the association between diet and NAFLD. Previous pro-
spective studies have investigated the association between individual
diet scores, such as the Mediterranean Diet and NAFLD, sepa-
rately.""m’19 However, to date, there have been no comparisons of the
association between different scores of diet quality and severe NAFLD.
The latter would be valuable to help identify if there is an optimal diet
for NAFLD prevention. Therefore, considering that each score includes
different food elements and methodologies and that there is no unique
dietary intervention/recommendation for NAFLD, this study used the
UK Biobank cohort study to contrast the associations of five common
diet scores with severe NAFLD incidence. We decided to use NAFLD

could represent optimal dietary approaches to mitigate

diet, non-alcoholic fatty liver disease, incidence

instead of the recent term, metabolic dysfunction-associated steatotic
liver disease (MASLD), as the cardiometabolic criteria requested for its

definition were not available during the follow-up.°

2 | METHODS

The UK Biobank is a prospective cohort that enrolled over 500 000
participants aged 37-73 years from the general UK population at
baseline (5.5% response rate).?* From 2006 to 2010, these partici-
pants visited one of 22 assessment centres located throughout Scot-
land, England and Wales. During their initial visit, participants
completed a questionnaire on a touch-screen device, underwent
physical measurements, and provided biological samples.???® More
information about the UK biobank protocol can be found online

(https://www.ukbiobank.ac.uk).

21 | Dietscores

Dietary intake was measured using the Oxford WebQ, a web-based
24-h dietary assessment tool that collects information on 206 foods and
32 beverages consumed during the previous 24 h.24?° Energy and nutri-
ent intake were calculated using McCance and Widdowson's The Com-
position of Food, 5th edition.?® Information from the dietary assessment
tool was collected according to the previous day's intake using questions
such as: ‘Did you have any of these yesterday?” or ‘How much of the
following did you drink yesterday?” Determining daily nutrient intake
involves multiplying the frequency of food or beverage consumption by
standard portion size and the nutrient composition specific to each
item.?” For this study, the average of 24-h recalls was used [the infor-
mation was collected on up to five occasions (only one time per occa-
sion) between April 2009 (first instance) and June 2012 (last instance) as
described elsewhere?” and on the UK biobank webpage: https://
biobank.ndph.ox.ac.uk/showcase/field.cgi?id=26008].


https://www.ukbiobank.ac.uk
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=26008
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=26008
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From these data, we calculated five international diet scores that
are aligned with dietary guidelines and represent widely used but dif-
ferent ways of assessing diet quality: the 14-Item Mediterranean Diet
Adherence Screener (MEDAS-14), Recommended Food Score (RFS),
Healthy Diet Indicator (HDI), Mediterranean Diet Score (MDS) and
Mediterranean-Dietary Approaches to Stop Hypertension (DASH)

Intervention for Neurodegenerative Delay (MIND) score.

2.1.1 | Mediterranean Diet Adherence Screener

The MEDAS-14 questionnaire is a concise assessment tool used to
measure adherence to the Mediterranean diet based on a previ-
ously validated food index.2® This adaptation was previously vali-
dated for the described

elsewhere.??%° A score of 1 was given when consumption of cer-

UK Biobank population?’ as

tain food groups met or exceeded the recommended levels. These
food groups included olive oil, white meats, legumes, fish, nuts,
self-reported intake of tomato-based sauces (as a proxy of sofrito),
nuts and vegetables. A score of 1 was also given when the con-
sumption of specific food groups fell below the maximum accepted
intake. These food groups included commercial pastries, red meats
and derivatives, carbonated beverages, and butter, margarine, or
cream. The final score, ranging from O to 14, reflected overall
adherence to the Mediterranean diet, with a higher score repre-

senting a more Mediterranean dietary pattern.

2.1.2 | Recommended Food Score

The RFS is a food-based index intended to evaluate the consumption
of food groups that align with dietary guidelines. Following the meth-
odology previously described by Livingstone et al. in 2021,%! a total of
five food groups were established: fruits (consisting of seven items),
vegetables (seven items), whole grains (two items), meat and alterna-
tives (three items), and reduced-fat dairy products (two items). In this
scoring system, 1 point was allocated when the consumption of food
items exceeded the minimum thresholds, which were set at 15 g/day
for non-beverages and 30 g/day for beverages. If the intake fell below
these thresholds, a score of O was given. The scores ranged from O to
21, with higher scores indicating better quality diet and greater con-
sumption of recommended foods.

2.1.3 | Healthy Diet Indicator

The HDI is an index that accounts for food- and nutrient-based fac-
tors to assess the consumption of foods recommended for a healthy
diet by the World Health Organization. This study used an adapted
version of the HDI proposed by Livingstone et al.,** which consisted
of an 11-point scale. The index included the following groups of
foods/nutrients: saturated fat, polyunsaturated fat, protein, total car-

bohydrates, dietary fibre, fruits and vegetables, pulses and nuts, total

non-milk extrinsic sugars, fish, red meat and meat products, and cal-
cium. Because of the lack of available data in UK Biobank on the
intake of non-milk extrinsic sugars, we adjusted the HDI by scoring
intakes of total sugars instead. Intakes within the specified cut-offs
were assigned a score of 1, while those outside received a score of
0. The overall score ranged from O to 11, with a higher score indicat-
ing a higher diet quality.

2.1.4 | Mediterranean Diet Score
The MDS is a scoring system that combines both food-based and

nutrient-based components to assess adherence to a
Mediterranean-style diet. In this study, we used a nine-item index
described and adapted by Livingstone et al., as detailed elsewhere.®!
Food and nutrient intakes were evaluated based on nine specific
components, including vegetables, legumes, fruits and nuts, cereals,
fish and seafood, the ratio of monounsaturated fats to saturated fats,
dairy products, meat and meat products, and alcohol. Sex-specific
median intakes were used as cut-off points to determine the score
for each component. Participants who had an intake of vegetables,
legumes, fruits and nuts, cereals, fish and seafood, and a monounsat-
urated to saturated fats ratio above the median were assigned a
score of 1. On the other hand, participants with an intake of dairy
products and meat and meat products below the median were also
assigned a score of 1. As for alcohol, a score of 1 was given for low
to moderate intake, which meant consuming alcohol once or twice
per day. A score of O was assigned for no alcohol intake or an intake
more frequent than twice per day. The total MDS score ranged from
0 to 9, with higher scores indicating greater adherence to the

Mediterranean diet.

2.1.5 | Mediterranean-Dietary Approaches to Stop
Hypertension Intervention for Neurodegenerative
Delay

MIND, previously described by Morris et al.%2

is a hybrid score
between the Mediterranean and DASH diets. This scoring system
comprises 15 components, which include 10 categories of brain-
healthy foods (leafy green vegetables, other vegetables, nuts, berries,
legumes, whole grains, fish, poultry, olive oil and wine) and five cate-
gories of unhealthy foods (red meats, stick butter and margarine,
cheese, pastries and sweets, and fried/fast food). Although the MIND
diet was initially derived to support healthy brain ageing, this dietary
pattern has attracted recent attention as a potential strategy to
improve other health outcomes.3® The scoring assigns 1 point to each
food group meeting the whole recommended intake, 0.5 when half of
the recommendation was met and O points for not meeting the rec-
ommendations, producing an overall scale ranging from O to 15. Nota-
bly, for oil consumption, 1 point is given if olive oil is the primary oil
used at home, whereas O points are awarded if other types of oil are

used.>?
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2.1.6 | Contrasting the scores
As each score has different measurements and scales, making direct
comparison problematic, all scores were standardized (z-score). Then,

all scores were split into quartiles according to their distribution.

2.2 | Severe non-alcoholic fatty liver disease

Severe NAFLD was defined as hospitalization or death because of
NAFLD or NASH and was ascertained from the linked hospital and
death databases during the follow-up. The date and cause of death
were obtained from death certificates held by the National Health
Service (NHS) Information Centre (England and Wales) and the NHS
Central Register Scotland (Scotland). Dates and causes of hospital
admissions were identified via record linkage to Health Episode Statis-
tics (England and Wales) and the Scottish Morbidity Records (SMR01)
(Scotland). Details of the linkage procedure can be found at https://
content.digital.nhs.uk/services. Hospital admissions data were avail-
able until the end of March 2021 in England and Scotland and the end
of March 2018 in Wales. Mortality data were available until the
end of February 2021. Therefore, follow-up was censored on these
dates.

Using the International Classification of Diseases 10th revision
(ICD-10) and an Expert Panel Consensus Statement,** NAFLD was
defined as ICD-10 K76.0 [fatty (change of) liver, not elsewhere classi-
fied] and K75.8 (NASH, other specified inflammatory liver diseases).

2.3 | Covariates

Age at baseline was determined from date of birth and baseline
assessment. Sex was self-reported at baseline. Deprivation (area-
based socioeconomic status) was derived from the postcode of resi-
dence using the Townsend score.®> Ethnicity was self-reported and
categorized as: white and others. Self-reported smoking status was
categorized as never, former or current smoker. The components of
the metabolic syndrome (central obesity, hyperglycaemia/diabetes,
high blood pressure/hypertension, low HDL and high triglyceride)
were ascertained using baseline data. Central obesity was defined as
a waist circumference >88 cm in women and >102 cm in men.

Hyperglycemia/diabetes was defined as fasting glucose 25.6 mmol/L

Participants in UK Biobank after dropped out during follow-up
n=502,365

or self-report of a physician diagnosis of diabetes. High blood pres-
sure/hypertension was defined as a systolic blood pressure
2130 mmHg and/or a diastolic blood pressure 285 mmHg or self-
report of a physician diagnosis of hypertension. High triglyceride
>21.7 mmol/L and

<1.3 mmol/L in women and <1.0 mmol/L in men.24~*® Finally, the

was defined as low HDL-cholesterol as
level of physical activity was self-reported using the International
Physical Activity Questionnaire short form.2? Additional information
on the measurements is available on the UK Biobank website

(https://www.ukbiobank.ac.uk).

2.4 | Ethical approval

The UK biobank was approved by the North West Multi-Centre
Research Ethics Committee (Ref: 11/NW/0382). The study protocol
is available online (https://www.ukbiobank.ac.uk/). This work was
conducted under the UK biobank application number 71392.

2.5 | Statistical analyses
Descriptive baseline characteristics by quartiles of each standardized
diet score are presented as means with SD for quantitative variables
and as frequencies and percentages for categorical variables.
Associations between the diet scores and severe NAFLD inci-
dence were investigated using Cox proportional hazard models using
standardized quartiles of the included diet scores. Individuals in the
lowest quartile (least healthy) were used as the referent in each
model. The results are reported as hazard ratios (HR) and their 95%
confidence intervals (95% Cls). The proportional hazard assumptions
were checked using Schoenfeld residuals, and the duration of follow-
up was used as the time-dependent variable.
Participants with missing data for any diet index/score
(n = 301 889) or those with missing data for one or more covariates
(n =34 732) were excluded. Using the Expert Panel Consensus

Statement,>*

participants with other liver disease or alcohol/drug use
disorders at or before baseline (n = 2661) were also excluded. In addi-
tion, to minimize the effect of reverse causality, all analyses were con-
ducted using 2-year landmark analyses, excluding all participants who
experienced events within the first 2 years of follow-up (n = 84)

(Figure 1).

Exclusion:

People with missing data for any diet index/score, n=301,889

People with missing data for covariates, n=34,732

People with liver diseases at baseline, n= 2,661

People who develop NAFLD during the first 2-years follow-up, n=84

Participants included in the final analyses
n=162,999

FIGURE 1

Diagram people included in the analyses. NAFLD, non-alcoholic fatty liver disease.
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Analyses were adjusted for confounding factors based on previ-
ous literature,*° using the following three models: Model 1, was unad-
justed. Model 2 was adjusted for sociodemographic factors (age, sex,
deprivation and ethnicity). Model 3 was adjusted as per Model 2 but
additionally included health-related factors (the individual compo-
nents of the metabolic syndrome (central obesity, hyperglycemia/dia-
betes, hypertension/high blood pressure, low HDL and high
triglyceride) and lifestyle factors smoking and physical activity). As
sensitivity analyses, (a) models were adjusted for total energy intake,
which analysis was performed excluding people who reported unfeasi-
ble energy intake (i.e. <800 or >4000 kcal/day), and (b) non-linear
associations between the standardized continuous scores and severe
NAFLD were explored using penalized cubic splines fitted in Cox pro-
portional hazard models.** We decided to use this approach as the
penalized cubic spline estimates the curvature based on the data and
is more robust against human errors.*?

Finally, to investigate whether the association between the quar-
tiles and severe NAFLD differed by population groups, we tested for
interactions and stratified the analyses by age groups (=2 and
<60 years), sex (men and women), alcohol intake (never/special occa-
sion and regular drinkers) and central obesity (no and yes).

Stata 18 and R 4.3.0 were used to perform the analyses. A value

of p < .05 was considered statistically significant.

3 | RESULTS

After excluding participants with missing data for any diet scores
included and covariates, and those with events over the first 2 years
of follow-up, 162 999 participants were included in the study
(Figure 1). Over a median follow-up of 10.2 years (interquartile range:
9.59-10.9 years), 1370 individuals (0.8%) were diagnosed with severe
NAFLD.

The baseline characteristics of participants by quartiles of the
standardized diet scores are available in Table 1 (MEDAS-14 score)
and Tables S1-S4. Overall, participants would probably be women
and from a white background. A high percentage of participants self-
reported never smoking (56.9%), walking for pleasure (75.0%) and
almost 75% drank alcohol once or more per week. Compared with
participants with the poorest quartile diets for the MEDAS-14 score
(quartile 1), participants with better diets (quartiles 3 and 4) would
probably be women and to walk for pleasure as well as would proba-
bly be current smokers and had a higher prevalence of daily or almost
daily alcohol intake. They also showed a lower prevalence of the indi-
vidual components of the metabolic syndrome compared with those
in quartile 1. In addition, participants in the lowest MEDAS-14 score
quartile had a mean score of 3.1, while those in the highest quartile of
8.5. These findings were similar regardless of the diet score used
(Tables S1-S4).

Associations between the quartiles of the standardized diet
scores and severe NAFLD are available in Table 2. Overall, there was
a trend whereby the risk of severe NAFLD became lower moving
from the lowest to the highest quartile (p < .05) (Models O and 1).

When the analyses were further adjusted for health-related and life-
style factors (Model 3), participants in quartiles 3 and 4 using the
MEDAS-14 and RFS scores, as well as those in quartiles 2 and 3 using
the HDI score, showed a significantly lower risk of severe NAFLD
incident compared with those in quartile 1 in their respective scores.
Even if in all these quartiles the risk was lower, the lowest risk was
observed in quartile 4 of the MEDAS-14 and RFS score [HRmepas-
14: 0.76 (95% CI: 0.62-0.94) and HRg¢s: 0.82 (95% Cl: 0.69-0.96)] as
well as in quartile 2 in the HDI score [HR: 0.80 (95% Cl: 0.70-0.91)].
After adjusting for energy intake in the sensitivity analyses, the asso-
ciations remained but were slightly attenuated. Adjusting for energy
intake also showed a significant risk reduction for individuals in quar-
tile 4 using the HDI score (17% lower risk) (Table 2). There was no
evidence of non-linearity for any of the continuous scores analysed
(Figure S1).

Finally, analyses were re-run and stratified by age categories, sex,
alcohol intake and central obesity [Table 3 (MEDAS-14) and
Tables S5-S8 (other scores)]. While similar associations were
observed across all studied subgroups using the MEDAS-14 score, the
magnitude of associations was stronger in participants <60 years,
men, regular drinkers and individuals with central obesity (Table 3).
The subgroup analyses of the other diet quality scores are available in
Tables S5-S8.

4 | DISCUSSION
Using data from five standardized diet scores, we identified a trend
whereby the risk of severe NAFLD incidence reduced from the least
to most healthy quartile in the least adjusted models. Yet, there were
varied strengths of associations where the MEDAS-14, the RFS and
HDI scores were the strongest predictors. This may be because of the
components of these scores, which are largely measures of anti-
inflammatory effects. Even if the lowest risk was observed in quartile
4 for the MEDAS-14 and RFS score, the identified association in quar-
tile 2 for the HDI might be associated with power as in this quartile
was classified 26.3% of the included participants, while in quartiles
3 and 4 only 19.8% and 13.5%, respectively. However, irrespective of
the quartile, following the HDI, RFS or MEDAS-14 recommendations
could represent optimal dietary approaches to mitigate NAFLD risk.
The magnitude of associations was stronger among participants
<60 years, men, regular drinkers and people with central obesity. Pre-
vious studies have shown that women may have a lower susceptibility
to NAFLD until menopause, which is probably because of the protec-
tive role of estrogens.*>** Unfortunately, women with altered estro-
gen levels, such as post-menopausal women and women with
polycystic ovary syndrome, are more susceptible to NAFLD.**** |n
terms of alcohol, a healthier diet (i.e. those in the highest quartiles
in our study) may have decreased the detrimental impact of regular
alcohol intake on the liver among those who did not have alcoholic
liver disease at baseline in our study. Studies have shown that West-
ern diets combined with alcohol are associated with a higher risk of
NAFLD.*® Yet, further research is needed to identify if a healthier diet
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TABLE 1 Baseline characteristics of participants included by quartiles of the MEDAS-14 score.
Quartile 1 Quartile 4
Total (least healthy)  Quartile 2 Quartile 3 (healthiest)

n (%) 162 999 (100) 55 165(33.8) 31401(19.3) 54838(33.6) 21595(13.3)
Original score, mean (SD) 5.3(2.0) 3.1(1.0) 5.0 (0) 6.4 (0.5) 8.5(0.7)
Baseline age, years; mean (SD) 56.2 (7.9) 55.8(8.1) 56.2 (8.0) 56.4 (7.8) 56.4(7.7)
Sex, n (%)

Women 89 555(54.9) 26 991 (48.9) 17 034 (54.2) 31939(58.2) 13591 (62.9)

Men 73 444 (45.1) 28 174 (51.1) 14 367 (45.8) 22 899 (41.8) 8004 (37.1)
Deprivation index, mean (SD) —1.6(2.8) —-1.6(2.9) —-1.7(2.8) —-1.7 (2.8) —1.5(2.9)

Ethnicity, n (%)

White 156 532 (96.0) 53 199 (96.4) 30129 (96.0) 52523(95.8) 20 681 (95.8)
Others 6467 (4.0) 1966 (3.6) 1272 (4.0) 2315 (4.2) 914 (4.2)
Smoking status, n (%)
Never 92 738 (56.9) 31459 (57.0) 18 122 (57.7) 31246 (57.0) 11 911 (55.2)
Previous 58 195(35.7) 18753 (34.0) 10894 (34.7) 20 130(36.7) 8418 (39.0)
Current 12 066 (7.4) 4953 (9.0) 2385 (7.6) 3462 (6.3) 1266 (5.8)
Type of physical activity, n (%)
Walking for pleasure (not as a means of transport) 122 292 (75.0) 38 844 (70.4) 23 423 (74.6) 42 631 (77.7) 17 394 (80.6)
Other exercises (e.g. swimming, cycling, keep fit, bowling) 20231 (12.4) 7236 (13.1) 3927 (12.5) 6552 (12.0) 2516 (11.7)
Strenuous sports 1288 (0.8) 480 (0.9 240 (0.8) 419 (0.7) 149 (0.6)
Light DIY (e.g. pruning, watering the lawn) 9476 (5.8) 4117 (7.5) 1892 (6.0) 2671 (4.9) 796 (3.7)
Heavy DIY (e.g. weeding, lawn mowing, carpentry, 3020 (1.9) 1369 (2.5 604 (1.9) 803 (1.5) 244 (1.1)
digging)
None of the above or prefer not to answer 6692 (4.1) 3119 (5.6) 1315 (4.2) 1762 (3.2) 496 (2.3)
Alcohol frequency intake, n (%)
Daily or almost daily 37 852 (23.2) 9504 (17.2) 6613(21.1) 14 690 (26.8) 7045 (32.6)
3-4 times a week 41 334 (25.4) 11 913 (21.6) 7751 (24.7) 15231 (27.8) 6439 (29.8)
Once or twice a week 40435(24.8) 14905 (27.0) 8106 (25.8) 12853 (23.4) 4571 (21.2)
1-3 times a month 17 759 (10.9) 7408 (13.4) 3705 (11.8) 5099 (9.3) 1547 (7.2)
Special occasions only 15 809 (9.7) 6979 (12.7) 3260 (10.4) 4325 (7.9) 1242 (5.8)
Never 9810 (6.0 4456 (8.1) 1966 (6.2) 2637 (4.8) 751 (3.4)
Hyperglycaemia/diabetes, yes; n (%) 23 156 (14.2) 8321 (15.1) 4423 (14.1) 7521 (13.7) 2891 (13.4)
Low HDL, yes; n (%) 28 566 (17.5) 11 862 (21.5) 5616 (17.9) 8398 (15.3) 2690 (12.5)
High triglycerides, yes; n (%) 60 655 (37.2) 23 300 (42.4) 11 950 (38.1) 18 912 (34.5) 6413 (29.7)
Central obesity, yes; n (%) 48 168(29.6) 19 188(34.8) 9547 (30.4) 14 710(26.8) 4723 (21.9)
High blood pressure/hypertension, yes; n (%) 110 657 (67.9) 38 631 (70.0) 21 443 (68.3) 36 711 (66.9) 13 872 (64.2)

Note: Descriptive characteristics by quartiles of the score are presented as means (SD) for quantitative variables and as frequencies and percentages for

categorical variables.

Abbreviations: HDL, high-density lipoprotein; n, number; SD, standard deviation.

may protect the liver against the effect of alcohol in people without
liver damage. Regarding central obesity, obesity is a known metabolic
risk factor associated with NAFLD.”? Therefore, similar to participants
with higher alcohol intake levels, those with central obesity may bene-
fit most from a healthier diet.

Different mechanisms have been proposed to explain the known
association between an unhealthy diet and NAFLD progression.
Among them, diets high in fructose and/or fat have been most

frequently investigated.*® Fat was one of the first macronutrients

associated with obesity and metabolic complications. In a recent
meta-analysis, Western diets, characterized by high-fat dairy and red
meat, were associated with a 56% (95% Cl: 1.27-1.92) higher NAFLD
risk.*’” Yet, in spite of recommendations to reduce dietary fat intake,
the incidence of both obesity and NAFLD continues to rise. Sugars,
particularly fructose through sugar-sweetened consumption, have
been particularly important considering their effect on metabolic com-

plications.*® Excessive sugar intake stimulates de novo lipogenesis,

t45

which is later converted into fat,”> stored as triglycerides and
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TABLE 3 Associations between quartiles of MEDAS-14 index and incident severe non-alcoholic fatty liver disease.

rotaln  Evente :ﬁ;ﬁﬂ;:hy) Quartile 2 Quartile 3 Quartile 4 (healthiest)
95% Cl p-Value 95% ClI p-Value 95% CI p-Value

Age, years

<60 95918 768 1.00 (Ref.) 1.03(0.86,1.24) .732 0.79 (0.66, 0.95) 012 0.69 (0.52,0.92) .012

260 67 081 602 1.00 (Ref.) 1.10(0.89,1.36) .374 0.84 (0.69, 1.03) .103 0.85(0.64,1.15) .292

Pinteraction 479 315 .130
Sex

Women 89 555 709 1.00 (Ref.) 1.14(0.94,1.39) .188 0.94 (0.78, 1.13) .533 0.86 (0.66,1.14)  .304

Men 73 444 661 1.00 (Ref.) 0.98(0.80,1.19) .806 0.69 (0.57,0.84) <.001 0.68(0.50,0.93) .015

Pinteraction .398 .104 .625
Alcohol

Never/ 25619 368 1.00 (Ref.) 0.98(0.75,1.27) .857 0.77(0.59, 1.01) 064 1.02(0.66,1.56) .941

special occ
Regular 137380 1002 1.00 (Ref.) 1.08(0.92,1.28) .330 0.82(0.70, 0.96) 012 0.72(0.56,0.90) .004
drinking

Pinteraction .653 .998 .070
Central obesity

No 114 831 484 1.00 (Ref.) 0.99 (0.77,1.26) 914 0.80 (0.64, 1.00) .050 0.84(0.62,1.14) .263

Yes 48 168 886 1.00 (Ref.) 1.10(0.92,1.30) .293 0.83(0.70, 0.98) .027 0.71(0.54,0.94) .018

. 297 321 .970

Note: Associations between severe non-alcoholic fatty liver disease and standardized quartiles of the scores were investigated using Cox proportional
hazard models. Individuals in the least healthy quartile for each score/index were used as the referent. All analyses were performed using a 2-year
landmark analysis, excluding participants who experienced events within the first 2 years of follow-up and those with liver disease or alcohol/drug use
disorder at baseline. Analyses were adjusted for age, sex, deprivation, ethnicity, the components of the metabolic syndrome (central obesity, high
glycaemia/diabetes, high blood pressure/hypertension, low HDL and high triglyceride), smoking and physical activity when these were not included as a

subgroup. A value of p < .05 was considered statistically significant.

Abbreviations: HDI, healthy diet indicator; MEDAS-14, Mediterranean Diet Adherence; MDS, Mediterranean diet score; MIND, Mediterranean-DASH
Intervention for Neurodegenerative Delay; Occ, occasions; RFS, recommended food score.

deposited in the liver, potentially resulting in steatosis.*®> Fructose is
the monosaccharide that stimulates more hepatic de novo lipogenesis

than other monosaccharides such as glucose*®*®

or polysaccharides
such as starch.***? It also induces liver inflammation, promoting insu-
lin resistance, dyslipidemia and steatosis.”° In addition, unhealthy diets
or excessive energy intake may produce gut dysbiosis, leading to
higher permeability. This has been linked to more proinflammatory
cytokines and reactive oxygen species, increasing NAFLD susceptiv-
ity.** Although these macronutrients are receiving special attention,
the European,'® American®® and Asian®? societies recommend adopt-
ing a healthy dietary pattern overall, as this would probably capture
the overall impact of diet on health.

Previous prospective studies have investigated the associations
between diet and NAFLD.'®'? However, to our knowledge, no
study has compared which diet score might best differentiate diets
associated with high and low risk of NAFLD. Previous studies have
tended to focus on adherence to a Mediterranean diet, probably
because of the high concentration of polyunsaturated fatty acids,
which decreases oxidative stress markers and transaminases.*®> For
instance, adherence to this type of diet has been shown to be associ-
ated with reduced risk of NAFLD [odds ratio: 0.64 (0.52-0.78)],% less
fatty liver accumulation [odds ratio: 0.74 (95% Cl: 0.61-0.90)]** and

lower risk of hepatic steatosis [risk ratio: 0.85 (95% CI: 0.73-0.99)].2¢
In Korea, women and men who were in the highest quartile of flour-
based food and meat consumption (high intake of noodles and dump-
lings, wheat flour and bread, red meat and its products, white meat
and its products, eggs, dairy products and beverages) had 55% (95%
Cl: 1.22-1.97) and 29% (95% CI: 1.00-1.67), respectively, higher
NAFLD risk than their counterparts in the lowest quartile.*® In con-
trast, men and women who followed a prudent pattern (high con-
sumption of potatoes, soybean pastes, beans, tofu, soymilk, green
and yellow vegetables, light-coloured vegetables, kimchi, mush-
rooms, fruits, fish, shellfish and seaweed) showed a 22% and 36%
lower risk.'® Similar patterns were observed among Chinese adults,
where diets rich in sugar [HR: 1.11 (95% CI: 1.01-1.23)] and an ani-
mal diet pattern [HR: 1.22 (95% Cl: 1.10-1.36)] were associated with
higher NAFLD risk.*?

Using the UK Biobank study, we investigated the research ques-
tion in a single, large and well-characterized general population cohort
of middle-aged and older adults. Analyses were adjusted for a com-
prehensive set of covariates, including the common drivers of NAFLD.
In addition, we could assess whether the associations were consistent
across population subgroups. A major driver of potential information

bias, knowledge of disease status, was obviated entirely by
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ascertaining outcomes from routine administrative databases. Finally,
estimates of habitual diet were derived from the mean of up to five
dietary calls.

This study also has limitations. First, although we included
those confounding factors that were considered relevant and for
which we had data, residual confounding because of unknown or
unmeasured confounders is possible. Second, the diet scores
were created from self-reported data, which may result in some
inaccuracies. Diet is subject to recall and misclassification bias
and may change over time. This is one of the main limitations of
the 24-h recall method as its accuracy relies on participants'
memory and ability to retain information for an extended
period.>® Moreover, we did not have data to create the original
diet scores (proxies were used) and the number of participants
who had repeated dietary data was <20% of the original cohort.
However, there is no reason to suspect a systematic error in
relation to associations between dietary quality and future
NAFLD risk and, therefore, concern about the disease-differential
recall or misclassification bias. We minimized potential reverse
causation by using a 2-year landmark analysis. Third, ascertain-
ment of NAFLD was based on hospital admission and death
records and was, therefore, restricted to more advanced or
severe cases of the disease. Biomarkers of disease severity, such
as FIB-4 (Fibrosis-4 index for liver fibrosis), NFS (NAFLD Fibrosis
Score), or APRI (aspartate aminotransferase-to-platelet ration
index), were unavailable in the UK Biobank study, or the infor-
mation used to estimate them was only available at baseline
assessment. Fifth, we could not estimate MASLD during the
follow-up period as the cardiometabolic criteria requested for its
classification were available only during the baseline assess-
ment.2° Using baseline data, a recent Letter to the Editor from
Schneider and Schneider showed that from 10 656 participants
with magnetic resonance imaging-measured steatosis and at least
one cardiovascular risk factor, 98.2% were classified as MASLD
and the remaining as MetALD (those MASLD who consumed a
greater amount of alcohol per week).>* However, we tried to
mitigate the role of metabolic syndrome including its components
and alcohol as confounders in our models. Sixth, associations
observed in an observational study cannot be assumed to infer
causality. Finally, the UK Biobank does not represent the UK
population regarding lifestyle and prevalent diseases. Therefore,
while risk estimates can be generalized,®® summary statistics such
as prevalence and incidence should not.>®

In conclusion, participants with healthier diets had a lower risk of
severe NAFLD. Our study showed that the MEDAS-14, RFS and HDI
scores were the strongest predictors. Moreover, the associations
between diet and NAFLD were stronger in people <60 years of age,
men, regular drinkers and people with central obesity. A healthy diet
might protect against NAFLD development irrespective of the specific
approach used to assess the healthiness of the diet. However, follow-
ing these scores, recommendations could represent optimal dietary
approaches to mitigate NAFLD risk, which requires substantiation in

future randomized controlled trials.
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