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ABSTRACT

Objective: The Mediterranean diet has been promoted as a healthy dietary pattern but,
whether the Mediterranean diet may help to prevent hepatic steatosis is not clear. This study
aimed to evaluate the prospective association between adherence to the Mediterranean diet
and risk of hepatic steatosis.

Design: Population-based prospective cohort study.

Setting: The Swiss CoLaus study.

Participants: We evaluated 2288 adults (65.4% women, aged 55.8+10.0 years) without
hepatic steatosis at first follow-up in 2009-2012. Adherence to the Mediterranean diet was
scaled as the Mediterranean diet score (MDS) based on the Mediterranean-diet Pyramid
ascertained with responses to food-frequency questionnaires.

Outcome measures: New onset of hepatic steatosis was ascertained by two indices
separately: the fatty liver index (FLI, >60 points) and the non-alcoholic fatty liver disease
(NAFLD) score (>-0.640 points). Prospective associations between adherence to the
Mediterranean diet and risk of hepatic steatosis were quantified using Poisson regression.
Results: During a mean 5.3-years of follow-up, hepatic steatosis was ascertained in 153
(6.7%) participants by FLI criteria and in 208 (9.1%) by NAFLD-score. After multivariable
adjustment, higher adherence to MDS was associated with lower risk of hepatic steatosis
based on FLI: risk ratio (95% confidence interval) 0.84 (0.73, 0.96) per one standard
deviation of MDS; 0.85 (0.73, 0.99) adjusted for BMI; and 0.85 (0.71, 1.02) adjusted for both
BMI and waist circumference. When using NAFLD-score, no significant association was
found between MDS and risk of hepatic steatosis [0.95 (0.83, 1.09)].

Conclusion: A potential role of the Mediterranean diet in the prevention of hepatic steatosis
is suggested by the inverse association observed between adherence to the Mediterranean diet

and incidence of hepatic steatosis based on the FLI. The inconsistency of this association

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 47


http://bmjopen.bmj.com/

Page 5 of 47

oNOYTULT D WN =

BMJ Open

when hepatic steatosis was assessed by NAFLD-score points to the need for accurate

population-level assessment of fatty liver and its physiologic markers.

Keywords: Mediterranean diet; hepatic steatosis; fatty liver disease; prospective study.
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STRENGHTS AND LIMITATION OF THE STUDY

e This study had the benefit of a relatively large sample size and an average of 5.3 years
of follow-up.

e We applied a definition of the Mediterranean diet that has been shown to be valid in a
non-Mediterranean population.

e Our ascertainment of hepatic steatosis was based on two indices that has been
validated for use in large epidemiological studies.

e The findings highlight the need for further research with more accurate measures of

hepatic steatosis.
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INTRODUCTION

Hepatic steatosis is the most common cause of liver disease [1]. In westernized
countries, hepatic steatosis affects up to 34% of the general population and up to 74% of
obese individuals, depending on the definition used [2—4]. Hepatic steatosis—fat content of
more than 5% of liver volume—is the first recognizable stage of non-alcoholic fatty liver
disease (NAFLD) [1]. Hepatic steatosis, particularly NAFLD, may progress to end-stage liver
disease including fibrosis, cirrhosis, and hepatocellular carcinoma [5]. Moreover, as hepatic
steatosis increases the risk of metabolic syndrome, type 2 diabetes, and cardiovascular disease
(CVD), its prevention is of public health importance [6]. An unhealthy dietary pattern remains
one of the primary targets of lifestyle modification for the prevention and management of

hepatic steatosis and NAFLD [7,8].

The Mediterranean diet has been recently recommended for treatment of NAFLD [9];
however, evidence regarding prevention of hepatic steatosis development is sparse [10].
Adherence to the Mediterranean diet has been reported to have a beneficial impact on risks of
CVD [11,12], type 2 diabetes [13], and metabolic syndrome [14]. Trial evidence
demonstrated the potential benefits of the Mediterranean diet against progress of hepatic
steatosis focusing on individuals with existing hepatic steatosis, either alone [15-20] or
associated with metabolic risk factors such as obesity or diabetes [20-23]. Research among
those without clinically manifest hepatic steatosis is restricted to observational evidence,
reporting an inverse association that greater adherence to a Mediterranean diet is associated
with lower prevalence of hepatic steatosis [24,25]. However, the cross-sectional design of
these studies limits inference for causal associations and can be used mainly for hypothesis
generation. Relevant longitudinal evidence for the primary prevention of hepatic steatosis or

NAFLD has been reported only by the Framingham Heart Study, with a significant inverse
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association of adherence to the Mediterranean diet with risk of hepatic steatosis in 1521 adults

over 6 years of follow-up [26], but evidence is lacking in Europe.

Given the limited evidence from population-based epidemiological studies thus far, we
aimed to investigate the prospective association of adherence to the Mediterranean diet with
the risk of developing hepatic steatosis. We hypothesized that greater adherence to the

Mediterranean diet would reduce the risk of hepatic steatosis.

METHODS

Study population

We evaluated participants in the CoLaus study, an ongoing population-based cohort
investigating the clinical, biological, and genetic determinants of CVD in the city of
Lausanne, Switzerland [27]. Inclusion criteria of the recruitment were adults of European
origin, aged 35 to 75 years [27]. There were three study phases: baseline recruitment in 2003-
2006 (n=6733), the first follow-up in 2009-2012 (n=5064), and the second follow-up in 2014-
2017 (n=4881). We conducted dietary assessment at the first follow-up and therefore
considered the first follow-up as the study baseline. Fatty liver index (FLI) and NAFLD-score,
two indices of hepatic steatosis, were available at baseline [25]. If participants met the joint
criterion of FLI > 60 or NAFLD-score > -0.640 at baseline, we excluded them as prevalent
cases (see below) (n=2036). We also excluded participants with missing information on diet,

outcome, and covariates (n=740) (Figure S1).

Dietary assessment

Participants completed a self-administered, 97-item, semi-quantitative food frequency
questionnaire (FFQ) about their habitual dietary intake over the last four weeks [28], the

validity of which had been assessed in canton Geneva against 24-hour recalls [28,29]. For
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each item, participants were instructed to report consumption frequencies by selecting one of
the seven frequency options from “less than once during the last 4 weeks” to “2 or more times

per day” and by selecting a usual serving size (smaller, equal, or bigger to a reference size).

Mediterranean diet scores

We derived the pyramid-based Mediterranean diet score (MDS) as a measure of
adherence to the Mediterranean diet from responses to the FFQ as we conducted previously
[25]. This MDS is based on the Mediterranean Dietary Pyramid proposed by the
Mediterranean Diet Foundation for both Mediterranean and non-Mediterranean countries and
accounting for the traditional Mediterranean diet, contemporary lifestyle, and food
environment [30]. We have previously reported that this MDS scoring algorithm predicted
CVD incidence [31], as well as the prevalence of hepatic steatosis [25] in non-Mediterranean
populations. Briefly, a continuous score of 0 to 1 was assigned for each recommended level of
the 15 components of the pyramid (vegetables, legumes, and fish as healthy items; red meat,
processed meat, potato, and sweets as unhealthy items; and fruits, nuts, cereals, eggs, dairy,
white meat, and alcoholic beverages as items for which moderate consumption was
recommended). The resulting MDS ranges between 0 and 15 on a continuous scale. The MDS
calculation was adjusted to an energy intake of 2000 kcal/d (8.37 MJ/day) by applying a

regression-residual technique for energy adjustment to each food group variable [31,32].

Ascertainment of hepatic steatosis

Two indices of hepatic steatosis were evaluated: fatty liver index (FLI) [33] and
NAFLD liver fat score [34]. FLI was calculated based on a logistic function including body-
mass index (BMI), waist circumference, fasting triglycerides, and gamma-glutamyl

transferase (GGT) levels as follows:
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FLI=1/ (1+e-(0.953 x In (triglycerides) + 0.139 x BMI + 0.718 x In (GGT) + 0.053 x waist circumference - 15.745))

FLIx100 ranges from 0 to 100. Presence of hepatic steatosis was defined by FLI > 60, a value
with a sensitivity of 61% and a specificity of 86% [33]. FLI was tested previously in
comparison to ultrasonography with an area under the receiver operating characteristic curve

of 0.78 (OR 95% CI: 0.77, 0.83) [35].

The NAFLD-score was calculated based on an algorithm including a logistic function
with the presence of metabolic syndrome defined by criteria of International Diabetes
Federation [36], presence of type 2 diabetes, and fasting concentrations of insulin, aspartate-

aminotransferase (AST), and the AST/ alanine transaminase (ALT) ratio:

NAFLD-score= -2.89 + 1.18 x metabolic syndrome (yes/no) + 0.45 x type 2 diabetes (yes /no) + 0.15

x fasting-insulin (mU/L) + 0.04 x fasting-AST (U/L) - 0.94 x AST/ALT

Presence of hepatic steatosis was defined by a NAFLD-score > -0.640, a value with a
sensitivity of 86% and a specificity of 71%, when compared to proton magnetic resonance

imaging [34].

Assessment of covariates at baseline

Sociodemographic, lifestyle and health characteristics were collected by self-
administered questionnaires. Age, sex, marital status, occupational status, and educational
level were included as indicators of sociodemographic condition. Smoking status was
classified as ‘never’, ‘former’, and ‘current’. Alcohol consumption was assessed by the
number of alcoholic beverage units consumed in the past week and further categorized as
‘abstainers’ (0 unit/week), ‘moderate’ (1-21 units/week for men, 1-14 for women), and
‘heavy’ (>21 units/week for men, >14 for women) drinkers (one unit corresponds to 8 g of

alcohol). Physical activity was assessed with a self-administered quantitative physical activity
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frequency questionnaire [37]. Health characteristics included presence of metabolic syndrome
and family history of diabetes. Anthropometric and blood pressure measurements were
obtained using standard procedures and equipment as previously described [27]. Plasma
triglycerides, high-density lipoprotein cholesterol, and glucose were measured using standard
enzymatic methods and ALT, AST, and GGT were measured using reference methods as

standardized by the International Federation of Clinical Chemistry.

Statistical analysis

Statistical analyses were performed using Stata (version 15; StataCorp, College
Station, TX, USA) with a two-sided test with a=0.05. Descriptive statistics were obtained in
the participants included in this study in comparison to those excluded from this study.
Cohen’s kappa statistics were calculated to assess the agreement between the FLI and

NAFLD-score.

MDS as a measure of adherence to the Mediterranean diet was evaluated both
categorically (quintiles) and continuously scaled as one SD unit. The association of MDS with
the risk of hepatic steatosis was assessed using multivariable-adjusted Poisson regression
models with robust standard errors and estimating risk ratios (RRs) and 95% confidence
intervals (Cls). Models were adjusted for age, sex, marital status, occupational status,
educational level, smoking status, energy intake, total energy expenditure, and date of dietary
assessment (to adjust for seasonality). We further adjusted for BMI and waist circumference
as potential confounders or factors on the causal pathway to assess the possible impact of
overall and central adiposity on the association of the Mediterranean diet and hepatic

steatosis.

Additionally, we also adjusted for changes in BMI categories between baseline and

follow-up; for alcohol consumption (units/week); for clinical variables of metabolic risk

10
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[blood pressure >130/85 mm Hg (yes/no), triglycerides >1.7 mmol/L (yes/no), high-density
lipoprotein level <1.29 mmol/L for men and <1.03 mmol/L for women (yes/no), and glucose
level >5.6 mmol/L (yes/no)] [36]; and for family history of diabetes and metabolic syndrome

(only for FLI) to examine their influence on the association of interest.

Possible interactions between MDS and age, sex, BMI, and alcohol consumption were
tested using the Wald test. Several sensitivity analyses were conducted to examine the
robustness of the observed findings. First, to assess the role of alcohol consumption (as
alcohol is a risk factor for fatty liver accumulation), we excluded the alcohol component from
the MDS, while adjusting for alcohol consumption as a covariate. We took the same
approaches for the other MDS components to assess the impact of each component on the
observed associations. Second, we conducted separate analyses after excluding participants
with BMI>30 kg/m?; implausible energy intake (<500 or >3500 kcal/day in women and <800
or >4000 kcal/day in men); excessive alcohol consumption; prevalent diabetes (defined as
glycated haemoglobin>48 mmol/mol, or fasting plasma glucose >7.0 mmol/L, or use of
hypoglycaemic drugs or insulin); or probable secondary causes of hepatic steatosis such as
hepatitis B or C, HIV, hepatotoxic, or autoimmune disease medications. We evaluated the
robustness of the results to an alternative definition of prevalent hepatic steatosis. While we
excluded participants with prevalent hepatic steatosis using the specified cut-offs of FLI or
NAFLD-score in the primary analysis, we used each of the two indices separately in
sensitivity analyses, whereby we evaluated 2652 adults in longitudinal analysis based on FLI;
and 2568 adults, based on NAFLD. Finally, we used more restrictive cutpoints and excluded

participants with NAFLD-score >-0.640 or with FLI>30.

In a post-hoc analysis pertaining to sensitivity of the results to model covariates and
for better understanding of potential mechanisms, longitudinal associations of MDS with

follow-up measures of log-transformed GGT, ALT, and AST levels and with changes in BMI
11
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and waist circumference from baseline to follow-up were examined using multivariable-
adjusted linear regression. These results were expressed as  coefficient (95% Cls) for

changes in each measure per 1-SD difference in MDS.

RESULTS

Participant characteristics

Of the initial 5064 participants, 2776 (54.8%) were excluded, leaving 2288
participants (65.4% women; 55.8+10.0 years) for analysis. Participants included were more
likely to be women, show higher sociodemographic characteristics and lower BMI, waist
circumference, liver enzymes, or prevalence of metabolic syndrome in comparison to
excluded individuals (Table S1). Being in the highest quintile of MDS was higher among
women compared to men, positively correlated with sociodemographic characteristics, and
negatively correlated with being current smokers, heavy alcohol drinkers, and with BMI,

waist circumference, GGT, and TG (Table 1).

Adherence to the Mediterranean diet and risk of hepatic steatosis

After a mean 5.3 (SD: 0.5) years of follow-up, there were 153 (6.7%) and 208 (9.1%)
participants with hepatic steatosis based on FLI and NAFLD-score, respectively (Table S2).

Case identification by FLI and NAFLD-score was modestly concordant (kappa=0.60).

Multivariable-adjusted analysis showed an inverse association between MDS quintiles and
risk of hepatic steatosis based on FLI (pyeng<0.006) with RR (95% CI) comparing the top to
the bottom category of 0.50 (0.28, 0.91). The inverse associations across quintiles of MDS
weakened after adjustment for BMI (peng=0.031) or both BMI and waist circumference
(Pwend=0.034) (Table 2): RR (95% CI)=0.61 (0.34, 1.09) and 0.60 (0.34, 1.08), respectively.

In analyses using MDS as a continuous variable, the inverse association with risk of hepatic

12
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steatosis based on FLI [RR 0.84 (0.73, 0.96) per one SD of MDS] remained unchanged but
getting imprecise after adjustment for BMI [RR 0.85 (0.73, 0.99)] and adjustment for both
BMI and waist circumference [0.85 (0.71, 1.02)]. In sensitivity analysis, the magnitude of the
inverse associations little changed after further adjustment for alcohol consumption, presence
of metabolic syndrome, changes in BMI categories or clinical variables (medication use or
prevalent diseases) (Table S3), while adjustment for BMI and clinical variables increased

standard errors.

Conversely, there was no association between MDS and the risk of hepatic steatosis
defined by NAFLD-score criteria, with RRs (95% Cls) ranging from 0.93 (0.82, 1.05) to 1.00

(0.86, 1.17) over different regression models (Table 2 and Table S3).

Interaction and sensitivity analyses

No significant interactions were found between MDS and age, sex, BMI, or alcohol
consumption on risk of hepatic steatosis (Pinteraction>0-05; results not shown). The contribution
of each component of the MDS on risk of hepatic steatosis was assessed by sequential
subtraction of components from the score (Figure 1). Excluding the components of the MDS
did not substantially affect the inverse associations with hepatic steatosis based on FLI; the
magnitude of the associations remained reasonably stable, but it became weaker (p>0.05)

after excluding fruits, cereals, dairy products, red or processed meat, or alcohol.

In sensitivity analyses, when excluding the alcohol component from the MDS but
adjusting for alcohol consumption as a covariate, the inverse associations between MDS and
risk of hepatic steatosis based on FLI became weaker (Table S4). The primary results were
not different when excluding participants with BMI>30 kg/m?, excessive alcohol
consumption, or secondary causes of hepatic steatosis (Table S4). Excluding participants with

implausible energy intakes weakened the associations (Table S4). The analysis of an

13
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alternative definition of prevalent hepatic steatosis, excluding participants with only high FLI
score at baseline, did not alter the significant inverse association between MDS and risk of
FLI-based hepatic steatosis (Table S5). Effect sizes were of slightly higher magnitude when
excluding those with FLI>30 or NAFLD-score>-0.640 at baseline, but CIs were wider due to

smaller sample size (Table S6).

For NAFLD-score, no significant associations were found in any of the sensitivity
analyses (Tables S4 and S5 and Figure S2). The sole exception was when participants with a
high NAFLD-score at baseline were excluded, where an inverse association between MDS
quintiles and risk of hepatic steatosis was present (pgeng=0.039), but this association was

attenuated to the null after adjustment for BMI (Table S5).

Longitudinal analyses for adiposity and markers of hepatic function

In post-hoc exploratory analyses there were inverse associations of MDS with changes
in BMI [B coefficient (95% CIs) per one SD higher MDS of -0.08 (-0.15, -0.02)] and in waist
circumference [-0.33 (-0.61, -0.06)] (Table S7). For the markers of hepatic function, MDS
showed a trend toward inverse association with GGT levels (pyena=0.047) [P coefficient (95%
CIs) per one SD higher MDS of -1.66 (-3.73, 0.41)], but not with ALT or AST levels (Table

S8).

DISCUSSION

In this first population-based European study among adults free from clinically
manifest hepatic steatosis to report on the prospective association between adherence to the
Mediterranean diet and risk of hepatic steatosis, we found an inverse association between
MDS and risk of hepatic steatosis based on FLI criteria. This relationship was attenuated to

the null when controlled for general and central adiposity assessed by the BMI and waist

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

BMJ Open

circumference. In contrast, there was no association between adherence to the Mediterranean

diet and risk of hepatic steatosis based on NAFLD-score criteria.

Current findings in context of other evidence

Our finding based on FLI is consistent with the only published prospective study
relating the Mediterranean diet to hepatic steatosis, where each SD increase in MDS was
estimated to decrease the odds for incident hepatic steatosis by 26% (95% CI 10%-39%) [26].
By contrast, the point estimate of the effect size in our study was smaller [(16% (95% CI 4%-
27%)]. A possible explanation partly lies in methodological differences. We used biochemical
and anthropometric markers to estimate hepatic steatosis in the current study, while the

previous study used computed tomography assessment.

No association was found between adherence to the Mediterranean diet and risk of
hepatic steatosis based on the NAFLD-score. For possible explanations based on the
differences in their components, the FLI includes GGT, while NAFLD-score includes AST
and AST/ALT ratio; the FLI includes adiposity markers, while the NAFLD-score does not;
the FLI includes a lipid marker (triglycerides) while NAFLD-score includes markers of
glycaemic status. Previous studies showed a modest association of GGT and ALT (but not
AST) with the prevalence of hepatic steatosis [1]. Indeed, our analysis showed an inverse
association between MDS and GGT levels, but not with AST or ALT, and these findings
could explain the discrepancy between the two indices. Notably, our sensitivity analyses using
different definitions of hepatic steatosis showed an inverse association between MDS
quintiles and risk of hepatic steatosis based on NAFLD-score after excluding participants with
high baseline NAFLD-score only. This could be explained by modest concordance between
the two measures. Of note, there were no statistically significant associations between MDS

and risk of hepatic steatosis based on FLI after excluding participants with FLI>30 at
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baseline, which led to a smaller sample size and consequently a lower statistical power in our
study. The inverse association between MDS and risk of hepatic steatosis defined by FLI
remained significant after adjusting for BMI only but became imprecise and not significant
after adjusting for both BMI and waist circumference or for changes in BMI over the follow-
up period. These results suggest the collinearity between the central adiposity and hepatic
steatosis as the central adiposity may partly reflect hepatic steatosis. This biologically
plausible finding is in agreement with previous cross-sectional findings for MDS and
prevalent hepatic steatosis in CoLaus study and the British Fenland Study we reported [25]
and a study in Hong Kong [38]. Our finding that the MDS was negatively associated with an
increase in BMI after 5.3 years of follow-up is consistent with the findings from the
Framingham Heart Study which observed the same trend over 6-year follow-up [26]; and
from Nurses’ Health Study and Health Professionals’ Follow-up Study evaluating 20-year

longitudinal data with repeated self-reported measures of diet and adiposity measures [39].

Sequential subtraction of different components of the MDS showed that fruits, cereals,
dairy products, red or processed meat, or alcohol partially accounted for the observed
association. These findings agree with previous studies [24,26,40,41] including the
Framingham Heart Study suggesting benefits of low consumption of red meat and high
consumption of fruits or whole grains [26]; and a cross-sectional analysis from the
PREDIMED study suggesting the benefit of low consumption of red meat [24]. Moreover, the
Mediterranean diet is characterized by a moderate-to-high consumption of whole grains,

which has been inversely associated with the likelihood of having NAFLD [42].

Possible mechanisms and implications

Different components of the Mediterranean diet, mainly omega 3 polyunsaturated fatty

acids (PUFA), fibre, and antioxidants, are inversely associated with hepatic steatosis [43,44].
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High levels of polyphenols found in fruits and vegetables and high levels of monounsaturated
fatty acids of olive oil have been shown to inhibit de novo lipogenesis, improve peripheral
insulin sensitivity, and reduce cardiovascular risk mainly due to their antioxidant, anti-
inflammatory, and anti-fibrotic effects [16,45]. One meta-analysis of interventional studies
reported that omega-3 PUFA were negatively associated with hepatic steatosis [46]. The
Mediterranean diet is also low in saturated fat, which has been demonstrated to increase
hepatic triglycerides content and hepatic insulin resistance [47,48]. Finally, the high fibre

content of the Mediterranean diet has been associated with reduced hepatic fat [16,43].

Hepatic steatosis is associated with cardiometabolic diseases and substantially impacts
public health [11,13,14]. Thus, our finding of an inverse association between Mediterranean
diet and risk of hepatic steatosis strongly reinforces the importance of dietary advice for the
prevention of hepatic steatosis. However, future work should confirm whether or not the
clinical importance of the Mediterranean diet for the prevention of hepatic steatosis is

independent of obesity or central adiposity.

Strengths and limitations

To our knowledge, this is the first European prospective study assessing the
association between the Mediterranean diet and risk of hepatic steatosis. The study had the
benefit of a relatively large sample size and an average of 5.3 years of follow-up, and applied
a definition of the Mediterranean diet that has been shown to be valid in a non-Mediterranean

population [31].

Several limitations of this study merit consideration. Measurement error and recall
bias are inevitable when using self-reported dietary instruments, limiting the ability to
precisely measure adherence to the Mediterranean diet, although adjustment for energy intake

may have reduced the magnitude of measurement error [49]. Our ascertainment of hepatic
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steatosis was based on two indices, but not on liver biopsy or direct imaging assessment;
hence, information bias (misdiagnosis) cannot be ruled out. Although liver biopsy is the gold
standard for diagnosing hepatic steatosis, its use in apparently healthy participants would be
unethical and unfeasible in a large population-based study. Further, previous studies have
shown that FLI and NAFLD-score can accurately identify hepatic steatosis with good
sensitivity and specificity, and these scores have been validated for use in large
epidemiological studies [34,35,50,51]. Although we adjusted for many relevant confounders
and performed a series of sensitivity analyses, we cannot rule out residual confounding due to
unmeasured variables or covariates measured with error. Generalisability is limited because
included participants seemed to be healthier than those excluded, and our findings were
obtained in a single European population. Still, they confirm the findings from a previous

prospective study conducted in the US [26], and might serve as a reference for other studies.

Conclusion

Adherence to the Mediterranean diet was inversely associated with risk of hepatic
steatosis based on the FLI, and the association was independent of several known risk factors.
Conversely, the association was not observed when using different criteria specifying the
NAFLD-score. These findings support recommendations on following the Mediterranean diet
for hepatic steatosis prevention in addition to the existing evidence for its benefit for
cardiovascular disease prevention. Nonetheless, the findings also highlight the need for
further research with more accurate measures of hepatic steatosis to replicate these findings in

different populations and settings.
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ABBREVIATIONS

NAFLD, non-alcoholic fatty liver disease; CVD; cardiovascular disease; FFQ, food frequency
questionnaire; MDS, Mediterranean diet score; FLI, fatty liver index; BMI, body-mass index;
TG, triglyceride; GGT, gamma-glutamyl transferase; AST, aspartate-aminotransferase; ALT,

alanine transaminase; PUFA, polyunsaturated fatty acids.
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Figure S1 Sample selection flow chart.

Table S1 Characteristics of the participants included and excluded from the analysis, CoLaus
study, Switzerland.

Table S2 Baseline characteristics of the participants according to the risk of hepatic steatosis,
defined by the fatty liver index or the NAFLD-score, CoLaus study, Switzerland.

Table S3 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland: assessment of influence of other potential covariates.
Table S4 Sensitivity analyses for the association of the Mediterranean diet score with the risk
of hepatic steatosis, CoLaus study, Switzerland.

Table S6 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland (n=1632). Sensitivity analysis after excluding
participants with either indices high; using FLI>30 instead of FLI>60.

Table S7 Association of the Mediterranean diet score with change in BMI and waist
circumference, CoLaus study, Switzerland.

Table S8 Association of the Mediterranean diet score with GGT, ALT, and AST, CoLaus
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Table 1 Baseline characteristics of participants according to quintiles of the Mediterranean diet score, CoLaus

study, Switzerland (n=2,288).

Quintiles of Mediterranean diet score™
Characteristic Ql Q2 Q3 Q4 Q5 P-value*

(n=458)  (n=458)  (n=457)  (n=458)  (n=457)

Age (years) 57.1£10.6  56.7£9.9  56.4+10.5 554+9.8 53.7+8.9 <0.001
Women (%) 59.0 62.9 67.6 66.6 71.1 0.001
Marital status (%) 0.51

Single 17.7 14.2 16.8 17.5 16.4

Married/cohabitant 53.9 55.7 59.1 57.2 57.3

Widowed/separated/divo

28.4 30.1 24.1 25.3 26.3

rced
Employed (%) 57.9 60.3 59.1 68.3 72.0 <0.001
Education (%)

University 19.2 21.6 26.0 31.7 31.1

High school 26.4 28.2 28.4 29.7 29.5

Apprenticeship 39.3 352 34.8 28.2 28.4

Mandatory education 15.1 15.1 10.7 10.5 10.9 <0.001
Current smokers (%) 24.7 21.8 223 16.2 15.5 0.014
Alcohol intake (%)

Abstainers 21.8 24.0 25.8 24.7 21.2

Moderate 63.8 66.2 69.4 70.7 76.6

Heavy 144 9.8 4.8 4.6 22 <0.001

Total energy intake

1819+705  1812+675  1781+729  1821+653  1801+595 0.87
(kcal/day)
Protein (%energy) 15.843.3 15.944.1 15.3+£3.0 15.24£3.0 14.7+2.6 <0.001

Carbohydrates (%energy) 45.3+9.2 45.949.1 47.3+8.0 47.6+8.2 49.0+7.8 <0.001

Fat (%energy) 33.6+6.5 345469  34.6567 34565  34.146.9 0.11
TEE (kcal/day) 25624580 26004618 25644602  2558+555 25894565 0.84
Metabolic syndrome (%)} 11.8 9.8 12.3 12.7 7.4 0.063
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BMI (kg/m?) 24.0+2.7 23.8£2.9 23.9+3.0 23.6+2.8 23.3+2.7 0.003
Waist circumference (cm) 85.4+8.5 84.9+9.4 85.0+9.2 84.0+8.7 82.9+8.6 <0.001
Triglycerides (mmol/l) 1.1+£0.5 1.0+0.5 1.1+£0.5 1.0£0.5 1.0+0.5

median (iqr)
GGT (UN)
median (iqr)
>50 (%)
ALT (U/)
median (iqr)
>40 (%)
AST (U/D)
median (iqr)

>37 (%)

1.0 (0.8, 1.3) 0.9(0.7, 1.2) 1.0 (0.7, 1.3) 0.9 (0.7,1.2) 0.9(0.7,1.2)  0.009

25.0£16.5  25.1+£17.9  23.2+14.5 24.0£17.9  21.5+12.1 0.002
20(15,29) 21(15,28) 19(14,28) 19 (14,26) 18 (14,25)

7.4 6.3 5.7 6.1 2.6 0.025
21.3+7.8 22.1+8.9 22.549.7 21.3+8.7 21.54+8.7 0.12
19 (16,25) 20(16,26) 20(16,27) 19(16,25) 20 (16,24)

35 54 8.3 4.6 3.5 0.005
26.0+£5.85 26.246.5 26.1+6.6 25.846.1 25.74£5.7 0.68
25(22,29) 25(22,29) 25(21,29) 25(22,29) 25(22,29)

4.1 83 6.3 5.0 4.4 0.038

Abbreviations: TEE, total energy expenditure; BMI, body mass index; iqr, interquartile range; GGT, gamma-

glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

* The population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score. P-values

were computed by using ANOVA for continuous variables and Chi-square test for categorical variables.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14

for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

I Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm

in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or

specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men

and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130 mm

Hg or diastolic blood pressure >85 mm Hg or treatment for previously diagnosed hypertension; and fasting

plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes).
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Table 2 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland (n=2,¢88).
Risk ratio (95% CI) across quintiles of Mediterranean diet score* Risk ratio
P-trend (95% CI)
Ql Q2 Q3 Q4 Q5
Per SD increase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-1%1
N total 458 458 457 458 457§
Fatty liver index, median (iqr)t 21.8(10.4,37.7) 20.4(9.0,39.4) 18.5(8.9,34.6) 18.1(7.7,33.1) 142 (6.6,%8.5)
N cases (score>60) 36 43 35 22 17 %
Unadjusted 1.00 (ref.) 1.19(0.78,1.82) 0.97 (0.62,1.52) 0.61(0.37,1.02) 0.47 (0.27_50.83) 0.001 0.79 (0.70, 0.90)
Multivariable 1.00 (ref.) 1.11(0.72,1.72) 1.07 (0.68, 1.66) 0.71(0.42,1.22) 0.50 (0.28§Q.91) 0.006 0.84 (0.73, 0.96)
Multivariable + BMI 1.00 (ref.) 1.12(0.73,1.71)  0.90 (0.58,1.39) 0.74 (0.44,1.24) 0.61 (0.34%1.09) 0.031 0.85(0.73,0.99)
Multivariable + BMI + WC 1.00 (ref.) 1.07 (0.70, 1.64) 0.90 (0.59, 1.37) 0.74 (0.44,1.26) 0.60 (0.3421.08) 0.034 0.85(0.71, 1.02)
NAFLD-score, median (iqr)§ -2.1(-2.4,-1.5) -2.0(-24,-14) -2.0(24,-1.3) -2.1(25,-1.5) -2.1 (—2.5,?)_:1.6)
N cases (score>-0.640) 41 46 51 38 32“;
Unadjusted 1.00 (ref.) 1.12(0.75,1.67) 1.25(0.84,1.84) 0.93(0.61,1.41) 0.78 (O.SO§1.22) 0.17 0.93 (0.82, 1.05)
Multivariable } 1.00 (ref.) 1.13(0.75,1.70) 1.26 (0.85,1.87) 1.01(0.65,1.56) 0.80 (0.50%1.28) 0.28 0.95 (0.83, 1.09)
Multivariable + BMI 1.00 (ref.) 1.17 (0.78,1.75) 1.17(0.80,1.71) 1.07 (0.69, 1.65) 0.95 (0.60;91.52) 0.71 0.99 (0.86, 1.15)
Multivariable + BMI + WC 1.00 (ref.) 1.12 (0.75,1.67) 1.17 (0.80,1.72) 1.07 (0.70, 1.65) 0.96 (0.60%.53) 0.80 1.00 (0.86, 1.17)

Abbreviations: iqr, interquartile range; BMI, body mass index; WC, waist circumference; NAFLD, non-alcoholic fatty liver disea
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Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence ir§ervals).

0]

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standafg’i deviation was 1.20 for the multivariable
analyses.

1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase.

Z laquiaoag z

1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (@)rking and not working), education level
v
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcg/day), total energy expenditure (kcal/day),

and date of dietary assessment.

papeoju

§ Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasting serum insulin, fasting serum aspartate-

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.

30
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Figure 1 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus

study, Switzerland (n=2288): sensitivity analysis to examine influence of each component of Mediterranean

diet.
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Abbreviations: FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease.

Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and
(95% confidence intervals).

Risk ratio (RR) and 95% confidence intervals (CI) were estimated per one standard deviation of MDS (overall

association) or of each MDS computed after excluding one component.

* Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced),

occupational status (working and not working), education level (university, high school, apprenticeship, and

RR (95% CI)

0.84 (0.71, 0.99)
0.83 (0.70, 0.98)
0.81 (0.68, 0.95)
0.86 (0.72, 1.02)
0.85 (0.72, 1.01)
0.86 (0.73, 1.02)
0.84 (0.71, 0.99)
0.86 (0.73, 1.02)
0.88 (0.74, 1.04)
0.82 (0.70, 0.97)
0.83 (0.70, 0.98)
0.83 (0.71, 0.99)
0.83 (0.70, 0.98)
0.88 (0.74, 1.04)
0.83 (0.70, 0.98)

NAFLD-score, multivariable adjusted model*

RR (95% CI)

0.95 (0.82, 1.10)
0.94 (0.81, 1.08)
0.96 (0.83, 1.11)
0.95 (0.82, 1.10)
0.94 (0.81, 1.09)
0.95 (0.82, 1.10)
0.95 (0.82, 1.10)
1.03 (0.89, 1.20)
0.95 (0.83, 1.10)

0.97 (0.84, 1.12)
0.95 (0.82, 1.09)
0.92 (0.80, 1.07)
0.95 (0.82, 1.10)
0.95 (0.83, 1.10)
0.97 (0.84, 1.12)
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mandatory education), smoking status (never, former, and current), energy intake (kcal/day), total energy

expenditure (kcal/day), and date of dietary assessment.
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Figure S1 Sample selection flow chart.

Total original sample (n=5064)

o| Prevalent hepatic steatosis, either scores high
(n=2036, 40.2%)*

\ 4

Missing dietary data (n=234, 4.62%)

Missing covariate data or outcome data
(n=506, 10.0%)

Total analytic sample (n=2288, 45.2%)

* Prevalent hepatic steatosis was defined as having either fatty liver index> 60 OR non-alcoholic fatty liver
disease fatty liver score> -0.640.
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2
3 Table S1 Characteristics of the participants included and excluded from the analysis, CoLaus study,
: Switzerland.
6 Included Excluded Povalue*
7 Characteristic (n=2288) (n=2776)
8 Age, years 55.8+£10.0 59.4+10.6 <0.001
Women (%) 65.4 43.6 <0.001
9 Marital status (%)t 0.038
10 Single 16.5 14.0
11 Married/cohabiting 56.6 57.4
12 Widowed/separated/divorced 26.8 28.6
13 Employed (%) 63.5 50.4 <0.001
14 Education (%)t <0.001
15 University 259 17.5
High school 28.5 23.6
16 Apprenticeship 33.2 374
17 Mandatory education 12.5 21.4
18 Current smoker (%) 20.1 23.1 <0.001
19 Alcohol consumption (%) 1 <0.001
20 Abstainers 23.5 26.8
21 Moderate 69.3 63.3
Heavy 7.2 9.9
22 Total energy intake (kcal/d) 1807673 1853784 0.033
23 Total protein (% energy) 15.4+3.3 15.6+3.5 0.015
24 Total carbohydrate (% energy) 47.0+8.6 45.4+9.1 <0.001
25 Total fat (% energy) 34.3+6.7 34.446.9 0.54
26 TEE (kcal/d) 2575+586 2790+669 <0.001
27 Metabolic syndrome (%)§ 10.8 60.9 <0.001
BMI (kg/m?) 23.742.8 28.3+4.8 <0.001
28 Waist circumference (cm) 84.4+8.9 98.3£12.5 <0.001
29 Triglycerides (mmol/l) 1.0£0.5 1.6£1.1 <0.001
30 median (iqr) 0.9(0.7,1.2) 1.4 (1.0, 2.0)
31 GGT (U 23.8+£16.0 48.8+60.8 <0.001
32 median (iqr) 19 (14, 27) 32 (21, 53)
33 >50 (%) 5.6 27.5 <0.001
34 ALT (U/l) 21.8+8.8 32.5420.7 <0.001
median (iqr) 20 (16, 25) 27 (20, 38)
35 >40 (%) 5.0 233 <0.001
36 AST (U/) 25.9+6.2 31.6+14.1 <0.001
37 median (iqr) 25 (22, 29) 28 (24, 34)
38 >37 (%) 5.6 20.4 <0.001
39 Abbreviations: TEE, total energy expenditure; BMI, body mass index; iqr, interquartile range; GGT, gamma-
40 glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
41 Data are mean + SD for continuous variables or percent for categorical variables, unless otherwise stated.
42 * P-value calculated using Chi-square test for categorical variables and student’s t-test for continuous variables.
43 T Due to some missing data, percentages do not always add to 100%.
44 1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
45 for women), and “heavy drinkers” (>21 units/week for men, >14 for women).
46 § Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
47 in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
48 and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130
49 mmHg or diastolic blood pressure >85 mmHg or treatment for previously diagnosed hypertension; and fasting
g (1) plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes).
52
53
54
55
56
57
58
59
60
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Table S2 Baseline characteristics of the participants according to the risk of hepatic steatosis defined by the
fatty liver index or the NAFLD-score, CoLaus study, Switzerland.

Risk of hepatic steatosis

FLI NAFLD-score
No Yes P-value* No Yes P-value*
Characteristic (n=2135) (n=153) (n=2080) (n=208)
Age, years 55.8+10.1 54.949.5 0.29 55.6£10 57.7£10.1 0.003
Women (%) 66.8 45.8 <0.001 66.7 52.9 <0.001
Marital status (%)t 0.86 0.79
Single 16.6 15.0 16.7 14.9
Married/cohabiting 56.5 58.2 56.5 58.2
Widowed/Separated/divorced 26.8 26.8 26.8 26.9
Employed (%) 63.3 66.0 0.50 64.5 53.8 0.002
Education (%)7 0.013 0.33
University 26.7 15.0 26.4 20.7
High school 28.3 30.1 28.3 29.8
Apprenticeship 32.6 40.5 32.8 36.5
Mandatory education 12.3 14.4 12.4 13.0
Current smoker (%) 19.7 25.5 0.006 20.3 17.8 0.52
Alcohol consumption (%)1 0.15 0.001
Abstainers 233 26.1 22.5 33.7
Moderate 69.7 63.4 70.4 58.7
Heavy 6.9 10.5 7.1 7.7
Total energy intake (kcal/d) 1800+655 1906+879 0.062 1794+654 1938+833 0.003
Protein (% energy) 15.3+3.1 16.1£5.0 0.006 15.3£3.2 16.0+4.1 0.006
Carbohydrate (% energy) 47.1£8.5 45.6+10.1 0.037 47.0+£8.5 46.5£9.5 0.36
Fat (% energy) 34.3£6.7 33.8+£7.2 0.37 34.246.7 34.446.6 0.69
TEE (kcal/d) 2552+572 2912+677 <0.001 2562+582 26994616 0.002
Metabolic syndrome (%)§ 9.9 22.9 <0.001 9.8 21.2 <0.001
BMI (kg/m?) 23.5+£2.7 26.842.6 <0.001 23.542.8 26.0£2.5 <0.001
Waist circumference (cm) 83.8+8.7 93.4£7.0 <0.001 83.7+8.7 92.0+£7.4 <0.001
Triglycerides (mmol/l) 1.0+0.5 1.2+0.5 <0.001 1.0+0.5 1.2+0.5 <0.001
median (iqr) 09(0.7,1.2) 1.1(0.7,1.2) 0.9(0.7,1.2) 1.1(0.8,1.4)
GGT (U/) 23.1£15.2 32.4+22.2 <0.001 23.3£15.4 28.14£20.6 <0.001
median (iqr) 19 (14, 26) 26 (18, 40) 19 (14, 26) 22 (15, 34)
>50 (%) 49 15.0 <0.001 53 9.1 0.022
ALT (U/1) 21.6+8.8 23.5+8.9 0.013 21.3+8.4 26.0+11.6 <0.001
median (iqr) 19 (16, 25) 21(17,28) 19 (16, 25) 23 (18, 30)
240 (%) 5.0 5.9 0.63 4.5 10.6 <0.001
AST (UN) 25.946.2 26.34+6.3 0.50 25.9+6.2 26.9+6.2 0.026
median (iqr) 25 (22,29) 25 (22,29) 25 (22,29) 26 (22, 30)
>37 (%) 5.5 7.2 0.39 5.3 8.2 0.096

Abbreviations: TEE, total energy expenditure; FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease;
BMI, body mass index; iqr, interquartile range; GGT, gamma-glutamyl transferase; ALT, alanine
aminotransferase; AST, aspartate Aminotransferase.

Data are mean + SD for continuous variables or percent for categorical variables, unless otherwise stated.

* P-value calculated using Chi-square test for categorical variables and student’s t-test for continuous variables.
T Due to some missing data, percentages do not always add to 100%.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

§ Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130 mm
Hg or diastolic blood pressure >85 mm Hg or treatment for previously diagnosed hypertension; and fasting
plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes.
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1 3
% 2
3 Table S3 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland: assg;sment of influence of other potential
4 covariates. S
5 N
6 Risk ratio (95% CI) across quintiles of Mediterranean diet score* B Risk ratio

P-trend (95% CI)
; Ql Q2 Q3 Q4 %5 Per SD increase*
Range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.68-12.1
? N fotal 458 458 457 458 57
10 Fatty liver indexf 5
1 Different models S
12 N Cases (score>60) 36 43 35 22 @7
13 Multivariable (Model 1)§ 1.00 (ref.))  1.11(0.72, 1.72) 1.07 (0.68,1.66)  0.71(0.42,1.22)  0.50 ((%8, 0.91) 0.006 0.84 (0.71, 0.99)
14 Model 1 + Changes in BMI categories§ 1.00 (ref)  1.11(0.73,1.69)  0.98 (0.64, 1.50)  0.73 (0.43,1.24)  0.59 (B2, 1.06)  0.024 0.85 (0.72, 1.02)
15 Model 1 + Alcohol 1.00 (ref)  1.11(0.72,1.72)  1.06(0.69, 1.65)  0.71 (0.41,1.22)  0.50 (OE_QS, 091)  0.006 0.84 (0.70, 0.99)
6 Model 1 + Alcohol+ BMII 1.00 (ref) 113 (0.74,1.73)  0.92(0.59, 1.42)  0.76 (0.45,1.29)  0.63 ((BS, 1.14)  0.047 0.86 (0.72, 1.04)
Model 1 + Clinical variables** 1.00 (ref)  1.30(0.80,2.11)  1.20(0.74,1.94)  0.77 (0.43,1.39)  0.57 (G30, 1.09)  0.023 0.84 (0.70, 1.01)
17 Model 1 + Clinical variables + BMI 1.00 (ref.)  1.28(0.79,2.07)  0.94 (0.58,1.52)  0.80(0.45,1.41) 0.68 (@6, 1.27) 0.076 0.86 (0.71, 1.04)
18 Model 1 + MetS++ 1.00 (ref.)  1.14 (0.74, 1.75) 1.03 (0.66, 1.60) ~ 0.68 (0.40, 1.16)  0.51 (=28, 0.93) 0.005 0.83 (0.70, 0.99)
19 NAFLD-scoref °
20 Different models =
21 N Cases (score>-0.640) 41 46 51 38 E)
22 Multivariable (Model 1)§ 1.00 (ref.)  1.13(0.75, 1.70) 1.26 (0.85, 1.87) 1.01 (0.65,1.56)  0.80 (6350, 1.28) 0.28 0.95 (0.82, 1.10)
Model 1 + Changes in BMI categories§ 1.00 (ref)  1.13(0.76,1.69)  1.18 (0.80, 1.74)  1.04 (0.68, 1.60)  0.93 ((%8,1.48)  0.65 0.99 (0.86, 1.16)
23 Model 1 + Alcohol 1.00 (ref)  1.11(0.73,1.67)  1.22(0.82,1.82)  0.97(0.63,1.51)  0.77 ((B8,1.23)  0.21 0.94 (0.81, 1.09)
24 Model 1 + Alcohol+ BMII 1.00 (ref)  1.16 (0.78,1.73)  1.15(0.78, 1.68)  1.04 (0.68, 1.61)  0.93 (58, 1.48)  0.62 0.99 (0.85, 1.15)
25 Model 1 + Clinical variables** 1.00 (ref)  1.20(0.78, 1.84)  1.32(0.88,1.98)  0.99 (0.64,1.55)  0.85 (02, 1.37)  0.33 0.95 (0.82, 1.11)
26 Model 1 + Clinical variables + BMI 1.00 (ref)  1.21(0.80,1.84)  1.19(0.80,1.78)  1.06 (0.69, 1.64)  0.99 (561, 1.60)  0.76 0.99 (0.85, 1.16)
27 Abbreviations: SES, socio-economic status; BMI, body mass index; MetS, metabolic syndrome; NAFLD, non-alcoholic fatty hver%hsease SD, standard deviation; CI,
28 confidence interval. -c
29 Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence iq:érvals)
30 * In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standaﬁ deviation was 1.20 for different
31 multivariable analyses. 8
32 1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase. &
33 1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (Workmg and not working), education level
34 (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcﬁ/day) total energy expenditure (kcal/day),
35 and date of dietary assessment. @
36 § Changes in BMI categories defined as individuals with a normal BMI at baseline and follow-up, individuals with normal BMI atbaseline and overweight or obese BMI at
37 follow-up, individuals with overweight or obese BMI at baseline and at follow-up, or individuals with overweight or obese BMI at%)asehne and normal at follow-up.
38 I Results of further adjustment for waist circumference were broadly in line with of the further adjustment for BMI (data not show
**Family history of diabetes (yes/no), high blood pressure (yes/no), high triglyceride level (yes/no), low HDL level (yes/no), and hggh glucose level (yes/no).

23 11 Metabolic syndrome as defined by the International Diabetes Federation (yes/no). o
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17 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasti

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S4 Sensitivity analyses for the associations of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study,

egeovo-ozoz-uedOIw

itzerland.

Risk ratio (95% CI) across quintiles of Mediterranean diet score* =

N Risk ratio
Ql Q2 Q3 Q4 Q5 P-trend (95% CI)
2 Per SD increase*
Range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9%0-12.1
N total 458 458 457 458 @457
Fatty liver indexf N
Different models S
N Cases (score>60) 36 43 35 22 '017
Multivariable (Model 1) 1.00 (ref.)  1.11(0.72,1.72) 1.07(0.68,1.66)  0.71(0.42,1.22)  0.50 @.28, 0.91) 0.006 0.84 (0.71, 0.99)
Excluding alcohol from MDS component =
Model 1 + Alcohol 1.00 (ref.)  1.64(1.04,2.58) 1.08(0.65,1.80) 1.17(0.70,1.96)  0.65 %,35, 1.18) 0.069 0.86 (0.73, 1.03)
Model 1 + Alcohol + BMI§ 1.00 (ref.)  1.53(0.98,2.39) 0.94(0.57,1.54) 1.08(0.67,1.77)  0.75 @.41, 1.35) 0.15 0.89 (0.75, 1.06)
Excluding participants with BMI>30I =
N Cases (score=>60) 35 40 28 19 % 16
Model 1 1.00 (ref.)  1.08 (0.69, 1.68)  0.90 (0.56, 1.46)  0.64 (0.36,1.12)  0.50 €3.27, 0.93) 0.005 0.83 (0.69, 0.98)
Model 1 + BMI§ 1.00 (ref)  1.02 (0.66,1.58)  0.84(0.53,1.33)  0.65(0.37,1.14)  0.60.33, 1.10) 0.031 0.85(0.70, 1.02)
Excluding participants with excessive alcohol >
consumption** (_33.
N Cases (score=60) 33 42 34 21 2y
Model 1 1.00 (ref.)  1.17(0.75,1.84)  1.12(0.71, 1.77)  0.70(0.40, 1.23)  0.52 8.28, 0.95) 0.007 0.82(0.69, 0.98)
Model 1 + BMI§ 1.00 (ref) 1.17(0.76,1.81)  0.91(0.58,1.42) 0.73(0.42,1.24) 0.64 %35, 1.15) 0.037 0.85(0.71, 1.02)
Excluding participants with implausible energy intaket+ o
N Cases (score=60) 33 41 33 22 % 16
Model 1 1.00 (ref)  1.19(0.63,2.23)  1.16(0.61,2.20)  0.87 (0.45,1.69)  0.69 @.35, 1.38) 0.16 0.85(0.71, 1.01)
Model 1 + BMI§ 1.00 (ref.)  1.13(0.60,2.13)  0.90(0.47,1.73) 0.81(0.43,1.53) 0.74 @.37, 1.49) 0.20 0.86 (0.72, 1.04)
Excluding participants with secondary causes of hepatic el
steatosis] i =
N Cases (score>60) 37 42 35 22 217
Model 1 1.00 (ref)  1.18(0.75,1.85)  1.11(0.70,1.76)  0.78 (0.45,1.34)  0.51 B§.27, 0.94) 0.010 0.85(0.71, 1.01)
Model 1 + BMI§ 1.00 (ref)  1.17(0.75,1.83)  0.95(0.60, 1.50)  0.78 (0.46,1.31)  0.63 .34, 1.17) 0.050 0.86 (0.72, 1.04)
Excluding participants with diabetes§§ g
N Cases (score=60) 35 40 35 22 Q16
Model 1 1.00 (ref.)  1.06 (0.67,1.66)  1.11(0.71,1.73)  0.74 (0.43,1.27)  0.49 ($.26,0.91) 0.009  0.84(0.71, 0.998)
Model 1 + BMI§ 1.00 (ref.)  1.06 (0.69,1.65)  0.92(0.59,1.43) 0.76 (0.45,1.29)  0.58 (8.32, 1.06) 0.033 0.85(0.71, 1.02)
NAFLD-score %
Different models %
N Cases (score>-0.640) 41 46 51 38 g32
Multivariable (Model 1)} 1.00 (ref.)  1.13(0.75,1.70)  1.26(0.85,1.87)  1.01 (0.65, 1.56)  0.8079.50, 1.28) 0.28 0.95(0.82, 1.10)
g
§
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Excluding alcohol from MD component &
Model 1 + Alcohol 1.00 (ref.)  1.15(0.78,1.71)  0.92 (0.61,1.41)  0.92(0.59,1.42) 0.89 @.57, 1.38) 0.34 0.93 (0.81, 1.08)
Model 1 + Alcohol + BMI§ 1.00 (ref.) 1.15(0.78,1.69) 0.88(0.59,1.32) 0.88(0.57,1.35) 1.02 @.66, 1.57) 0.65 0.96 (0.83, 1.12)
Excluding participants with BMI>30l N
N Cases (score>-0.640) 40 46 44 36 g31
Model 1 1.00 (ref.)  1.15(0.76,1.74)  1.12(0.74,1.69)  0.99 (0.63,1.55)  0.8140.5, 1.30) 0.27 0.94 (0.81, 1.09)
Model 1 + BMI§ 1.00 (ref.)  1.17(0.78,1.75)  1.09(0.73,1.63)  1.07(0.69,1.67)  0.97%0.6, 1.55) 0.76 0.99 (0.85, 1.15)
Excluding participants with excessive alcohol e
consumption** P
N Cases (score=>-0.640) 38 43 50 37 _832
Model 1 1.00 (ref.)  1.10(0.73,1.68)  1.28(0.85,1.91) 1.00(0.64,1.56)  0.80¢.5, 1.29) 0.32 0.96 (0.83, 1.11)
Model 1 + BMI§ 1.00 (ref.)  1.15(0.76,1.74)  1.18(0.80, 1.73)  1.06 (0.69, 1.65) 0.96%).6, 1.54) 0.75 1.00 (0.86, 1.17)
Excluding participants with implausible energy intakef{ g
N Cases (score>-0.640) 39 46 48 38 230
Model 1 1.00 (ref.)  1.32(0.75,2.35) 1.48(0.84,2.60) 1.06(0.59,1.91) 1.15®.64,2.07) 0.92 0.95(0.82, 1.10)
Model 1 + BMI§ 1.00 (ref.)  1.34(0.76, 2.38) 1.35(0.77, 2.37) 1.06 (0.59, 1.89) 1.29 @472, 2.33) 0.67 0.99 (0.85, 1.16)
Excluding participants with secondary causes of hepatic 3
steatosis]{ =
N Cases (score>-0.640) 41 46 50 37 231
Model 1 1.00 (ref)  1.19(0.79,1.81)  1.26(0.84,1.89)  1.06 (0.68,1.65)  0.78 @.48,1.27) 025  0.95(0.82, 1.10)
Model 1 + BMI§ 1.00 (ref.)  1.23(0.82,1.85) 1.17(0.79, 1.73)  1.11(0.71, 1.72) 0.93% 57,1.52) 0.66 0.99 (0.85, 1.16)
Excluding participants with diabetes§§ 3
N Cases (score=>-0.640) 37 43 50 36 2 530
Model 1 1.00 (ref.)  1.17(0.76,1.79)  1.37(0.90,2.06) 1.05(0.67,1.66) 0. 85@ 52, 1.39) 0.43 0.97 (0.83, 1.12)
Model 1 + BMI§ 1.00 (ref.)  1.21(0.79,1.85) 1.26(0.85,1.87) 1.11(0.71,1.75) 1.01 .62, 1.63) 0.89 1.01 (0.86, 1.18)
Abbreviations: SES, socio economic status; BMI, body mass index; MD, Mediterranean Diet; NAFLD, non-alcoholic fatty liver diSease; SD, standard deviation; CI,
confidence interval. 9

Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence m:servals)

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standagl deviation was 1.41 after excluding
alcohol from Mediterranean Diet score components, 1.20 after excluding participants with BMI>30, 1.18 after excluding participar®s with excessive alcohol consumption,
1.20 after excluding participants with probable implausible energy intake or after excluding participants with secondary causes of hepatlc steatosis or diabetes.

1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase. N

1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (worklng and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcé/day) total energy expenditure (kcal/day),
and date of dietary assessment. rD

§ Results of further adjustment for waist circumference were broadly in line with of the further adjustment for BMI (data not show@

I Excluded 36 participants with BMI>30 kg/m?. 3

** Excessive alcohol consumption defined as >21 units per week for men and >14 units per weeks for women; excluded 60 partlclgants with excess alcohol consumption
(n=2228).

11 Implausible energy intake defined as <500 and <800 kcal or >3,500 or >4,000 kcal in women and men, respectively; excluded 4:1' participants with probable implausible
energy intake (n=2247).
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3 1T Secondary causes of hepatic steatosis defined as having hepatitis B, C or HIV, and with hepatotoxic medications (Glucocorticoi@s, isoniazid, methotrexate, amiodarone,
4 and tamoxifen); excluded 36 participants with probable secondary causes of hepatic steatosis (n=2252). S
5 §§ Diabetes defined as glycated haemoglobin>48 mmol/mol, or fasting plasma glucose >7.0 mmol/L, or use of hypoglycaemic dru%s or insulin; excluded 26 participants with
6 probable secondary causes of hepatic steatosis (n=2262).
7 94 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fastl@ serum insulin, fasting serum aspartate-
8 aminotransferase (AST), and the AST/alanine-aminotransferase ratio. %
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Table S5 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland: sen%ltwlty analysis while excluding
participants with only one of the indices high at baseline.

Page 42 of 47

3
Risk ratio (95% CI) across quintiles of Mediterranean diet score* B Risk ratio
@ P-trend (95% CI)
Ql Q2 Q3 Q4 Q:-? Per SD increase *
range 1.83-7.64 7.64-8.34 8.35-8.92 8.93-9.57 9.5832.18
N total (n=2652) 531 530 531 530 589
Fatty liver index, median (iqr)t 234 (11.1,41.4)  24.1(10.6,44.7)  22.3(9.9,39.7) 20.2 (8.4, 38.4) 17.5 (783, 34.5)
N cases (score>60) 51 56 54 35 23
Unadjusted 1.00 (ref.) 1.10(0.77,1.58)  1.06(0.74,1.52)  0.69 (045, 1.04)  0.47 (0.9, 0.75) <0.001 0.79 (0.69, 0.89)
Multivariable § 1.00 (ref’) 1.12(0.77,1.63)  1.25(0.86,1.81)  0.88(0.57,1.35)  0.56 (0.24, 0.92) 0.011 0.86 (0.74, 0.99)
Multivariable + BMI 1.00 (ref.) 1.08(0.75,1.54)  0.99(0.70, 1.41) ~ 0.85(0.56,1.30)  0.59 (0.86, 0.96) 0.017 0.84 (0.73, 0.98)
Multivariable + BMI & WC 1.00 (ref.) 1.01 (0.71,1.45)  0.99 (0.70, 1.40)  0.84 (0.56,1.28)  0.58 (0.85, 0.95) 0.019 0.84 (0.72, 0.98)
range 1.83-7.56 7.57-8.29 8.30-8.88 8.89-9.53 9.5432.12
N total (n=2568) 514 514 513 514 583
NAFLD-score, median (iqr)§ -1.9 (-2.4,-1.3) -1.8(-2.3,-1.2) -1.9 (-2.4,-1.3) 2.0 (-2.5,-1.3) 2.1 (-2, -1.6)
N cases (score>-0.640) 63 70 67 59 B
Unadjusted 1.00 (ref.) 1.11(0.81,1.53)  1.07(0.77,1.47)  0.94(0.67,1.31)  0.60 (03, 0.89) 0.006 0.88 (0.79, 0.99)
Multivariable § 1.00 (ref.) 1.16 (0.83,1.62)  1.16(0.83,1.61)  1.02(0.72, 1.46)  0.66 (0.84, 1.00) 0.039 0.92 (0.81, 1.04)
Multivariable + BMI 1.00 (ref.) 1.27(0.91,1.76)  1.24(0.89,1.72) 1.16(0.81,1.65) 0.84 (0.?, 1.28) 0.34 0.98 (0.87, 1.11)
Multivariable + BMI & WC 1.00 (ref.) 1.25(0.90,1.73)  1.24(0.89,1.72)  1.16(0.82,1.65)  0.83 (054, 1.27) 0.34 0.99 (0.87, 1.12)

Abbreviations: iqr, interquartile range; SES, socio-economic status; BMI, body mass index; WC, waist circumference; NAFLD, n@—alcoholic fatty liver disease.

Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence ingervals).

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standafg deviation was 1.21 for the multivariable
analyses.

1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase.
1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status ( orkmg and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcﬁday) total energy expenditure (kcal/day),
and date of dietary assessment.

§ Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fastlrg serum insulin, fasting serum aspartate-
aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S6 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland (n= @32), Sensitivity analysis while excluding

participants with either indices high (using FLI>30 instead of FLI>60). S
Risk ratio (95% CI) across quintiles of Mediterranean diet score* B Risk ratio
@ P-trend (95% CI)
Ql Q2 Q3 Q4 Q§; Per SD increase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-8.1
N total 327 326 327 326 326
Fatty liver index, median (iqr)t 14.9 (7.6, 24.8) 12.7(7.4,23.7) 12.3 (5.5,22.3) 11.8 (6.3,22.7) 102 (5.3321.8)
N cases (score>60) 9 5 2 2 o
Unadjusted 1.00 (ref.) 0.56 (0.19, 1.65) 0.22 (0.05, 1.02) 0.22 (0.05, 1.02) 0.33 (O.Og> 1.22) 0.047 0.66 (0.45, 0.97)
Multivariable { 1.00 (ref.) 0.63 (0.20, 2.00) 0.14 (0.02, 0.96) 0.27 (0.05, 1.32) 0.39 (0.0g, 1.68) 0.096 0.72 (0.47, 1.10)
Multivariable + BMI 1.00 (ref) 0.68 (0.22, 2.05) 0.13 (0.02, 0.98) 0.26 (0.06, 1.15) 0.41(0.18, 1.70) 0.087 0.73 (0.48, 1.11)
Multivariable + BMI + WC 1.00 (ref.) 0.50 (0.18, 1.42) 0.12 (0.01, 0.98) 0.22 (0.05, 1.03) 0.39 (0.0%, 1.67) 0.093 0.71 (0.46, 1.09)
NAFLD-score, median (iqr)§ 2.2(-2.5,-1.8) 2.2(-2.5,-1.7) 2.2(-2.5,-1.8) 2.2(-2.6,-1.8) 22(-28-18)
N cases (score>-0.640) 13 14 10 13 15
Unadjusted 1.00 (ref.) 1.08(0.52,2.26)  0.77(0.34,1.73)  1.00(0.47,2.13)  0.93 (0.4%, 2.00) 0.79 0.94 (0.73, 1.20)
Multivariable } 1.00 (ref) 1.13(0.55,2.32)  0.79(0.35,1.76)  1.10(0.52,2.34)  0.98 (0.45 2.15) 0.94 0.95 (0.73, 1.24)
Multivariable + BMI 1.00 (ref) 1.25(0.60,2.60)  0.81(0.36,1.84)  1.20(0.56,2.58)  1.13(0.58 2.52) 0.82 0.98 (0.75, 1.28)
Multivariable + BMI + WC 1.00 (ref.) 1.17 (0.57, 2.44) 0.85 (0.37, 1.93) 1.13 (0.52, 2.45) 1.12 (0.5@, 2.53) 0.84 0.98 (0.75, 1.28)

Abbreviations: iqr, interquartile range; BMI, body mass index; WC, waist circumference; NAFLD, non-alcoholic fatty liver diseas

Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence iffgervals).

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa@i deviation was 1.21 for the multivariable
analyses. °

1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase. 3

1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status ({Eorkmg and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kca-leay) total energy expenditure (kcal/day),
and date of dietary assessment.

§ Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasthg serum insulin, fasting serum aspartate-

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S7 Association of the Mediterranean diet score with change in BMI and waist circumference, CoLaus study, Switzerland.
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B coefficient (95% CI ) across quintiles of Mediterranean diet score™

B coefficient
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P-trend (95% CI
Ql Q2 Q3 Q4 Q5 Per SD incre)ase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-12.
N total 458 458 457 458 457 T
ABMI, mean+=SD7 0.48 £ 1.62 0.61 +1.53 0.42 +1.44 0.50 +1.52 0.40 = 1.52
Multivariable § 1.00 (ref.)  0.12 (-0.08,0.33)  -0.08 (-0.28,0.13)  -0.04 (-0.25,0.16)  -0.16 (-0.37, §o4) 0.038  -0.08 (-0.15, -0.02)
AWaist circumference, mean=SD§ 1.04+£6.53 0.74+6.42 0.19 £ 6.00 0.57 +6.33 0.17 6.]5
Multivariable 1.00 (ref.)  -0.51 (-1.36,0.34)  -0.85 (-1.69, 0.00)  -0.47 (-1.32,0.38)  -0.82 (-1.68, B.03 0.10  -0.33 (-0.61, -0.06)

Abbreviations: BMI, Body mass index.

Statistical analysis using linear regression; results are expressed as 3 coefficients and (95% confidence intervals).

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa
multivariable analyses.

1 Calculated by subtracting BMI at baseline from BMI at follow-up.

Ny WOF.papeojgm

deviation was 1.20 for the

1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (\_zcgorking and not working), education
. . . . . . . T
level (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intakg (kcal/day), total energy
o

expenditure (kcal/day), and date of dietary assessment.
§ Calculated by subtracting waist circumference at baseline from waist circumference at follow-up.
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Table S8 Association of the Mediterranean diet score with the GGT, ALT, and AST, CoLaus study, Switzerland.

BMJ Open

B coefficient (95% CI) across quintiles of Mediterranean diet score*

B coefficient
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P-trend (95% CI)
Ql Q2 Q3 Q4 Q5 Per SD increase *
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-12.12
N total 458 458 457 458 457
GGT (U/), median (iqr) 21(15,29) 20 (14, 29) 19 (14, 26) 18 (14, 28) 17 (13,26) @
Multivariable 1.00 (ref)  -2.63(-9.01,3.76)  -5.71(-12.07,0.66)  -4.24(-10.64,2.16)  -6.03 (-12.45,0.38)  0.063 -1.53 (-3.60, 0.53)
Multivariable + BMI 1.00 (ref.) -2.86 (-9.24, 3.53) -5.70 (-12.06, 0.66) -4.50 (-10.90, 1.90) -6.52 (-12.95, -0.69) 0.047 -1.66 (-3.73, 0.41)
Multivariable + BMI & WC 1.00 (ref.) -2.93 (-9.32, 3.45) -5.72 (-12.08, 0.64) -4.54 (-10.94, 1.86) -6.53 (-12.96, -O.Q) 0.047 -1.65 (-3.72, 0.41)
ALT (U/), median (iqr) 20 (16, 26) 20.5 (17, 26) 20 (16, 26) 19.5 (16, 25) 20 (16, 25) 2
Multivariable 1.00 (ref.) 0.03 (-0.02, 0.08) 0.03 (-0.02, 0.08) -0.013 (-0.06, 0.04) 0.002 (-0.05, 0.03) 0.45 -0.006 (-0.02, 0.01)
Multivariable + BMI 1.00 (ref.) 0.04 (-0.01, 0.08) 0.03 (-0.02, 0.08) -0.009 (-0.06, 0.04) 0.008 (-0.04, 0.08) 0.60 -0.005 (-0.02, 0.01)
Multivariable + BMI & WC 1.00 (ref.) 0.04 (-0.01, 0.08) 0.03 (-0.02, 0.08) -0.01 (-0.06, 0.04) 0.008 (-0.04, 0.08) 0.60 -0.005 (-0.02, 0.01)
o
AST (U/), median (iqr) 22 (19, 25) 22 (19, 26) 22 (19, 25) 22 (19, 26) 22(19,25) 2
Multivariable 1.00 (ref.) 0.02 (-0.01, 0.06) 0.004 (-0.03, 0.04) 0.011 (-0.03, 0.05) 0.015 (-0.02, 0.0%) 0.66 0.003 (-0.01, 0.01)
Multivariable + BMI 1.00 (ref.) 0.02 (-0.02, 0.06) 0.004 (-0.03, 0.04) 0.009 (-0.03, 0.04) 0.011 (-0.03, 0.0 0.80 0.002 (-0.01, 0.01)
Multivariable + BMI & WC 1.00 (ref) 0.02 (-0.02, 0.06) 0.004 (-0.03, 0.04) 0.009 (-0.03, 0.04) 0.011 (-0.03, 0.08) 0.80 0.002 (-0.01, 0.01)

Abbreviations: iqr, interquartile range; GGT, gamma-glutamyl transferase; SES, socio economic status; BMI, body mass index; W@ waist circumference; ALT,
Alanine transaminase; AST, aspartate-aminotransferase.

Statistical analysis using linear regression; results are expressed as B coefficients and (95% confidence intervals).

.3
tr

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa‘gl deviation was 1.20 for the

multivariable analyses.

1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (\gorklng and not working), education
level (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy 1ntak§(kcal/day) total energy
expenditure (kcal/day), and date of dietary assessment.
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Background/rationale 2 Explain the scientific background and rationale for the investigation being reported ; 6
Objectives 3 State specific objectives, including any prespecified hypotheses % 7
Methods é
Study design Present key elements of study design early in the paper 2
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collection §
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ABSTRACT

Objective: The Mediterranean diet has been promoted as a healthy dietary pattern but,
whether the Mediterranean diet may help to prevent hepatic steatosis is not clear. This study
aimed to evaluate the prospective association between adherence to the Mediterranean diet
and risk of hepatic steatosis.

Design: Population-based prospective cohort study.

Setting: The Swiss CoLaus study.

Participants: We evaluated 2288 adults (65.4% women, aged 55.8+10.0 years) without
hepatic steatosis at first follow-up in 2009-2012. Adherence to the Mediterranean diet was
scaled as the Mediterranean diet score (MDS) based on the Mediterranean-diet Pyramid
ascertained with responses to food-frequency questionnaires.

Outcome measures: New onset of hepatic steatosis was ascertained by two indices
separately: the fatty liver index (FLI, >60 points) and the non-alcoholic fatty liver disease
(NAFLD) score (>-0.640 points). Prospective associations between adherence to the
Mediterranean diet and risk of hepatic steatosis were quantified using Poisson regression.
Results: During a mean 5.3-years of follow-up, hepatic steatosis was ascertained in 153
(6.7%) participants by FLI criteria and in 208 (9.1%) by NAFLD-score. After multivariable
adjustment, higher adherence to MDS was associated with lower risk of hepatic steatosis
based on FLI: risk ratio (95% confidence interval) 0.84 (0.73, 0.96) per one standard
deviation of MDS; 0.85 (0.73, 0.99) adjusted for BMI; and 0.85 (0.71, 1.02) adjusted for both
BMI and waist circumference. When using NAFLD-score, no significant association was
found between MDS and risk of hepatic steatosis [0.95 (0.83, 1.09)].

Conclusion: A potential role of the Mediterranean diet in the prevention of hepatic steatosis
is suggested by the inverse association observed between adherence to the Mediterranean diet

and incidence of hepatic steatosis based on the FLI. The inconsistency of this association
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when hepatic steatosis was assessed by NAFLD-score points to the need for accurate

population-level assessment of fatty liver and its physiologic markers.

Keywords: Mediterranean diet; hepatic steatosis; fatty liver disease; prospective study.
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STRENGHTS AND LIMITATION OF THE STUDY

e This study had the benefit of a relatively large sample size and an average of 5.3 years
of follow-up.

e We applied a definition of the Mediterranean diet that has been shown to be valid in a
non-Mediterranean population.

e Our ascertainment of hepatic steatosis was based on two indices that has been
validated for use in large epidemiological studies.

e The precision of the two hepatic steatosis indices used is different and may be

influenced by the presence of steatohepatitis or advanced liver fibrosis.

¢ Generalisability is limited because our findings relate to a single European population.
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INTRODUCTION

Hepatic steatosis is the most common cause of liver disease [1]. In westernized
countries, hepatic steatosis affects up to 34% of the general population and up to 74% of
obese individuals, depending on the definition used [2—4]. Hepatic steatosis—fat content of
more than 5% of liver volume—is the first recognizable stage of non-alcoholic fatty liver
disease (NAFLD) [1]. Hepatic steatosis, particularly NAFLD, may progress to end-stage liver
disease including fibrosis, cirrhosis, and hepatocellular carcinoma [5]. Moreover, as hepatic
steatosis increases the risk of metabolic syndrome, type 2 diabetes, and cardiovascular disease
(CVD), its prevention is of public health importance [6]. An unhealthy dietary pattern remains
one of the primary targets of lifestyle modification for the prevention and management of

hepatic steatosis and NAFLD [7,8].

The Mediterranean diet has been recently recommended for treatment of NAFLD [9]. In
recent years, a growing body of evidence supports the idea that the Mediterranean diet may be
the reference nutritional profile for the prevention of hepatic steatosis development [10—12].
Adherence to the Mediterranean diet has been reported to have a beneficial impact on risks of
CVD [13,14], type 2 diabetes [15], and metabolic syndrome [16]. Trial evidence
demonstrated the potential benefits of the Mediterranean diet against progress of hepatic
steatosis focusing on individuals with existing hepatic steatosis, either alone [17-22] or
associated with metabolic risk factors such as obesity or diabetes [22-25]. Research among
those without clinically manifest hepatic steatosis is restricted to observational evidence,
reporting an inverse association that greater adherence to a Mediterranean diet is associated
with lower prevalence of hepatic steatosis [26,27]. However, the cross-sectional design of
these studies limits inference for causal associations and can be used mainly for hypothesis
generation. Relevant longitudinal evidence for the primary prevention of hepatic steatosis or

NAFLD has been reported only by the Framingham Heart Study, with a significant inverse
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association of adherence to the Mediterranean diet with risk of hepatic steatosis in 1521 adults

over 6 years of follow-up [28], but evidence is lacking in Europe.

Given the limited evidence from population-based epidemiological studies thus far, we
aimed to investigate the prospective association between adherence to the Mediterranean diet
and the risk of developing hepatic steatosis among adults without clinically manifest hepatic
steatosis. We hypothesized that greater adherence to the Mediterranean diet would reduce the

risk of hepatic steatosis.

METHODS

Study population

We evaluated participants in the CoLaus study, an ongoing population-based cohort
investigating the clinical, biological, and genetic determinants of CVD in the city of
Lausanne, Switzerland [29]. Inclusion criteria of the recruitment were adults of European
origin, aged 35 to 75 years [29]. There were three study phases: baseline recruitment in 2003-
2006 (n=6733), the first follow-up in 2009-2012 (n=5064), and the second follow-up in 2014-
2017 (n=4881). We conducted dietary assessment at the first follow-up and therefore
considered the first follow-up as the study baseline. Fatty liver index (FLI) and NAFLD-score,
two indices of hepatic steatosis, were available at baseline [27]. If participants met the joint
criterion of FLI > 60 or NAFLD-score > -0.640 at baseline, we excluded them as prevalent
cases (see below) (n=2036). We also excluded participants with missing information on diet,

outcome, and covariates (n=740) (Figure S1).

Patient and public involvement

Patients and/or the public were not involved in the design, conduct, reporting or

dissemination plans of this research.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 53


http://bmjopen.bmj.com/

Page 9 of 53

oNOYTULT D WN =

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

BMJ Open

Dietary assessment

Participants completed a self-administered, 97-item, semi-quantitative food frequency
questionnaire (FFQ) about their habitual dietary intake over the last four weeks [30], the
validity of which had been assessed in canton Geneva against 24-hour recalls [30,31]. For
each item, participants were instructed to report consumption frequencies by selecting one of
the seven frequency options from “less than once during the last 4 weeks” to “2 or more times

per day” and by selecting a usual serving size (smaller, equal, or bigger to a reference size).

Mediterranean diet scores

We derived the pyramid-based Mediterranean diet score (MDS) as a measure of
adherence to the Mediterranean diet from responses to the FFQ as we conducted previously
[27]. This MDS is based on the Mediterranean Dietary Pyramid proposed by the
Mediterranean Diet Foundation for both Mediterranean and non-Mediterranean countries and
accounting for the traditional Mediterranean diet, contemporary lifestyle, and food
environment [32]. We have previously reported that this MDS scoring algorithm predicted
CVD incidence [33], as well as the prevalence of hepatic steatosis [27] in non-Mediterranean
populations. Briefly, a continuous score of 0 to 1 was assigned for each recommended level of
the 15 components of the pyramid (vegetables, legumes, and fish as healthy items; red meat,
processed meat, potato, and sweets as unhealthy items; and fruits, nuts, cereals, eggs, dairy,
white meat, and alcoholic beverages as items for which moderate consumption was
recommended). The resulting MDS ranges between 0 and 15 on a continuous scale. The MDS
calculation was adjusted to an energy intake of 2000 kcal/d (8.37 MJ/day) by applying a

regression-residual technique for energy adjustment to each food group variable [33,34].

Ascertainment of hepatic steatosis
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Two indices of hepatic steatosis were evaluated: fatty liver index (FLI) [35] and
NAFLD liver fat score [36]. FLI was calculated based on a logistic function including body-
mass index (BMI), waist circumference, fasting triglycerides, and gamma-glutamyl

transferase (GGT) levels as follows:

FLI=1/ (1+e—(0.953 x In (triglycerides) + 0.139 x BMI + 0.718 x In (GGT) + 0.053 x waist circumference - 15.745))

FLIx100 ranges from 0 to 100. Presence of hepatic steatosis was defined by FLI > 60, a value
with a sensitivity of 61% and a specificity of 86% [35]. FLI was tested previously in
comparison to ultrasonography with an area under the receiver operating characteristic curve

of 0.78 (OR 95% CI: 0.77, 0.83) [37].

The NAFLD-score was calculated based on an algorithm including a logistic function
with the presence of metabolic syndrome defined by criteria of International Diabetes
Federation [38], presence of type 2 diabetes, and fasting concentrations of insulin, aspartate-

aminotransferase (AST), and the AST/ alanine transaminase (ALT) ratio:

NAFLD-score=-2.89 + 1.18 x metabolic syndrome (yes/no) + 0.45 x type 2 diabetes (yes /no) + 0.15

x fasting-insulin (mU/L) + 0.04 X fasting-AST (U/L) - 0.94 x AST/ALT

Presence of hepatic steatosis was defined by a NAFLD-score > -0.640, a value with a
sensitivity of 86% and a specificity of 71%, when compared to proton magnetic resonance

imaging [36].

Assessment of covariates at baseline

Sociodemographic, lifestyle and health characteristics were collected by self-
administered questionnaires. Age, sex, marital status, occupational status, and educational
level were included as indicators of sociodemographic condition. Smoking status was

classified as ‘never’, ‘former’, and ‘current’. Alcohol consumption was assessed by the
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number of alcoholic beverage units consumed in the past week and further categorized as
‘abstainers’ (0 unit/week), ‘moderate’ (1-21 units/week for men, 1-14 for women), and
‘heavy’ (>21 units/week for men, >14 for women) drinkers (one unit corresponds to 8 g of
alcohol). Physical activity was assessed with a self-administered quantitative physical activity
frequency questionnaire [39]. Health characteristics included presence of metabolic syndrome
and family history of diabetes. Anthropometric and blood pressure measurements were
obtained using standard procedures and equipment as previously described [29]. Plasma
triglycerides, high-density lipoprotein cholesterol, and glucose were measured using standard
enzymatic methods and ALT, AST, and GGT were measured using reference methods as

standardized by the International Federation of Clinical Chemistry.

Statistical analysis

Statistical analyses were performed using Stata (version 15; StataCorp, College
Station, TX, USA) with a two-sided test with a=0.05. Descriptive statistics were obtained in
the participants included in this study in comparison to those excluded from this study.
Cohen’s kappa statistics were calculated to assess the agreement between the FLI and

NAFLD-score.

MDS as a measure of adherence to the Mediterranean diet was evaluated both
categorically (quintiles) and continuously scaled as one SD unit. The association of MDS with
the risk of hepatic steatosis was assessed using multivariable-adjusted Poisson regression
models with robust standard errors and estimating risk ratios (RRs) and 95% confidence
intervals (Cls). Models were adjusted for age, sex, marital status, occupational status,
educational level, smoking status, energy intake, total energy expenditure, and date of dietary
assessment (to adjust for seasonality). We further adjusted for BMI and waist circumference
as potential confounders or factors on the causal pathway to assess the possible impact of
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overall and central adiposity on the association of the Mediterranean diet and hepatic

steatosis.

Additionally, we also adjusted for changes in BMI categories between baseline and
follow-up; for alcohol consumption (units/week); for clinical variables of metabolic risk
[blood pressure >130/85 mm Hg (yes/no), triglycerides >1.7 mmol/L (yes/no), high-density
lipoprotein level <1.29 mmol/L for men and <1.03 mmol/L for women (yes/no), and glucose
level >5.6 mmol/L (yes/no)] [38]; and for family history of diabetes and metabolic syndrome

(only for FLI) to examine their influence on the association of interest.

Possible interactions between MDS and age, sex, BMI, and alcohol consumption were
tested using the Wald test. Several sensitivity analyses were conducted to examine the
robustness of the observed findings. First, to assess the role of alcohol consumption (as
alcohol is a risk factor for fatty liver accumulation), we excluded the alcohol component from
the MDS, while adjusting for alcohol consumption as a covariate. We took the same
approaches for the other MDS components to assess the impact of each component on the
observed associations. Second, we conducted separate analyses after excluding participants
with BMI>30 kg/m?; implausible energy intake (<500 or >3500 kcal/day in women and <800
or >4000 kcal/day in men); excessive alcohol consumption; prevalent diabetes (defined as
glycated haemoglobin>48 mmol/mol, or fasting plasma glucose >7.0 mmol/L, or use of
hypoglycaemic drugs or insulin); or probable secondary causes of hepatic steatosis such as
hepatitis B or C, HIV, hepatotoxic, or autoimmune disease medications. We evaluated the
robustness of the results to an alternative definition of prevalent hepatic steatosis. While we
excluded participants with prevalent hepatic steatosis using the specified cut-offs of FLI or
NAFLD-score in the primary analysis, we used each of the two indices separately in

sensitivity analyses, whereby we evaluated 2652 adults in longitudinal analysis based on FLI;
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and 2568 adults, based on NAFLD. Finally, we used more restrictive cutpoints and excluded

participants with NAFLD-score >-0.640 or with FLI>30.

In a post-hoc analysis, due to inconsistency of the associations observed for FLI and
NAFLD-score, we also calculated the hepatic steatosis index (HSI) [40] based on the ratio of

AST/ALT, BMI, presence of type 2 diabetes, and sex:

HSI=8*AST/ALT + BMI + 2 (presence of diabetes) + 2 (if women)

Presence of hepatic steatosis was defined by a HSI>36. After excluding participants with

HSI>36 at baseline (n=2674), we evaluated 2351 adults.

In a post-hoc analysis pertaining to sensitivity of the results to model covariates and
for better understanding of potential mechanisms, longitudinal associations of MDS with
follow-up measures of log-transformed GGT, ALT, and AST levels and with changes in BMI
and waist circumference from baseline to follow-up were examined using multivariable-
adjusted linear regression. These results were expressed as  coefficient (95% Cls) for

changes in each measure per 1-SD difference in MDS.

RESULTS

Participant characteristics

Of the initial 5064 participants, 2776 (54.8%) were excluded, leaving 2288
participants (65.4% women; 55.8+10.0 years) for analysis. Participants included were more
likely to be women, show higher sociodemographic characteristics and lower BMI, waist
circumference, liver enzymes, or prevalence of metabolic syndrome in comparison to
excluded individuals (Table S1). Being in the highest quintile of MDS was higher among

women compared to men, positively correlated with sociodemographic characteristics, and
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negatively correlated with being current smokers, heavy alcohol drinkers, and with BMI,

waist circumference, GGT, and TG (Table 1).

Adherence to the Mediterranean diet and risk of hepatic steatosis

After a mean 5.3 (SD: 0.5) years of follow-up, there were 153 (6.7%) and 208 (9.1%)
participants with hepatic steatosis based on FLI and NAFLD-score, respectively (Table S2).

Case identification by FLI and NAFLD-score was modestly concordant (kappa=0.60).

Multivariable-adjusted analysis showed an inverse association between MDS quintiles
and risk of hepatic steatosis based on FLI (pgeng<0.006) with RR (95% CI) comparing the top
to the bottom category of 0.50 (0.28, 0.91). The inverse associations across quintiles of MDS
weakened after adjustment for BMI (peng=0.031) or both BMI and waist circumference
(Ptrena=0.034) (Table 2): RR (95% CI)=0.61 (0.34, 1.09) and 0.60 (0.34, 1.08), respectively.
In analyses using MDS as a continuous variable, the inverse association with risk of hepatic
steatosis based on FLI [RR 0.84 (0.73, 0.96) per one SD of MDS] remained unchanged but
getting imprecise after adjustment for BMI [RR 0.85 (0.73, 0.99)] and adjustment for both
BMI and waist circumference [0.85 (0.71, 1.02)]. In sensitivity analysis, the magnitude of the
inverse associations little changed after further adjustment for alcohol consumption, presence
of metabolic syndrome, changes in BMI categories or clinical variables (medication use or
prevalent diseases), while adjustment for BMI and clinical variables increased standard errors

(Table S3).

Conversely, there was no association between MDS and the risk of hepatic steatosis
defined by NAFLD-score criteria, with RRs (95% Cls) ranging from 0.93 (0.82, 1.05) to 1.00

(0.86, 1.17) over different regression models (Table 2 and Table S3).

Interaction and sensitivity analyses
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No significant interactions were found between MDS and age, sex, BMI, or alcohol
consumption on risk of hepatic steatosis (Pinteraction=>0.05; results not shown). The contribution
of each component of the MDS on risk of hepatic steatosis was assessed by sequential
subtraction of components from the score (Figure 1). Excluding the components of the MDS
did not substantially affect the inverse associations with hepatic steatosis based on FLI; the
magnitude of the associations remained reasonably stable, but it became weaker (p>0.05)

after excluding fruits, cereals, dairy products, red or processed meat, or alcohol.

In sensitivity analyses, when excluding the alcohol component from the MDS but
adjusting for alcohol consumption as a covariate, the inverse associations between MDS and
risk of hepatic steatosis based on FLI became weaker (Table S4). The primary results were
not different when excluding participants with BMI>30 kg/m?, excessive alcohol
consumption, or secondary causes of hepatic steatosis (Table S4). Excluding participants with
implausible energy intakes weakened the associations (Table S4). The analysis of an
alternative definition of prevalent hepatic steatosis, excluding participants with only high FLI
score at baseline, did not alter the significant inverse association between MDS and risk of
FLI-based hepatic steatosis (Table S5). In post-hoc analyses, there was an inverse association
between MDS quintiles and risk of hepatic steatosis based on HSI (pyeng=0.070) with RR
(95% CI) comparing the top to the bottom category of 0.70 (0.55, 0.91); a significant inverse
association with HSI was observed per one SD increase in MDS [RR 0.90 (0.82, 0.98)]
(Table S5). Effect sizes were of slightly higher magnitude when excluding those with FLI>30
or NAFLD-score>-0.640 at baseline, but CIs were wider due to smaller sample size (Table

S6).

For NAFLD-score, no significant associations were found in any of the sensitivity
analyses (Tables S4 and S5 and Figure S2). The sole exception was when participants with a

high NAFLD-score at baseline were excluded, where an inverse association between MDS
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quintiles and risk of hepatic steatosis was present (pgeng=0.039), but this association was

attenuated to the null after adjustment for BMI (Table S5).

Longitudinal analyses for adiposity and markers of hepatic function

In post-hoc exploratory analyses there were inverse associations of MDS with changes
in BMI [B coefficient (95% CIs) per one SD higher MDS of -0.08 (-0.15, -0.02)] and in waist
circumference [-0.33 (-0.61, -0.06)] (Table S7). For the markers of hepatic function, MDS
showed a trend toward inverse association with GGT levels (pyeng=0.047) [B coefficient (95%
CIs) per one SD higher MDS of -1.66 (-3.73, 0.41)], but not with ALT or AST levels (Table

S8).

DISCUSSION

In this first population-based European study among adults free from clinically
manifest hepatic steatosis to report on the prospective association between adherence to the
Mediterranean diet and risk of hepatic steatosis, we found an inverse association between
MDS and risk of hepatic steatosis based on FLI criteria. This relationship was attenuated to
the null when controlled for general and central adiposity assessed by the BMI and waist
circumference. In contrast, there was no association between adherence to the Mediterrancan

diet and risk of hepatic steatosis based on NAFLD-score criteria.

Current findings in context of other evidence

Our finding based on FLI is consistent with the only published prospective study
relating the Mediterranean diet to hepatic steatosis, where each SD increase in MDS was
estimated to decrease the odds for incident hepatic steatosis by 26% (95% CI 10%-39%) [28].
By contrast, the point estimate of the effect size in our study was smaller [(16% (95% CI 4%-
27%)]. A possible explanation partly lies in methodological differences. We used biochemical
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and anthropometric markers to estimate hepatic steatosis in the current study, while the

previous study used computed tomography assessment.

No association was found between adherence to the Mediterranean diet and risk of
hepatic steatosis based on the NAFLD-score. For possible explanations based on the
differences in their components, the FLI includes GGT, while NAFLD-score includes AST
and AST/ALT ratio; the FLI includes adiposity markers, while the NAFLD-score does not;
the FLI includes a lipid marker (triglycerides) while NAFLD-score includes markers of
glycaemic status. Previous studies showed a modest association of GGT and ALT (but not
AST) with the prevalence of hepatic steatosis [1]. Indeed, our analysis showed an inverse
association between MDS and GGT levels, but not with AST or ALT, and these findings
could explain the discrepancy between the two indices. Notably, our sensitivity analyses using
different definitions of hepatic steatosis showed an inverse association between MDS
quintiles and risk of hepatic steatosis based on NAFLD-score after excluding participants with
high baseline NAFLD-score only. This could be explained by modest concordance between
the two measures. Of note, there were no statistically significant associations between MDS
and risk of hepatic steatosis based on FLI after excluding participants with FLI>30 at
baseline, which led to a smaller sample size and consequently a lower statistical power in our
study. In a post-hoc analysis, we found an inverse association between adherence to the
Mediterranean diet and hepatic steatosis as assessed by HSI, an alternative score to detect
hepatic steatosis. Although, case identification by HSI and FLI (kappa=0.27) or NAFLD-
score (Kappa=0.18) was weakly concordant; our finding based on FLI is consistent with HSI.
This could be explained potentially by BMI as one of the components of both FLI and HSI,

highlighting the importance of obesity for incident hepatic steatosis [41].

The inverse association between MDS and risk of hepatic steatosis defined by FLI

remained significant after adjusting for BMI only but became imprecise and not significant
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after adjusting for both BMI and waist circumference or for changes in BMI over the follow-
up period. These results suggest the collinearity between the central adiposity and hepatic
steatosis as the central adiposity may partly reflect hepatic steatosis. This biologically
plausible finding is in agreement with previous cross-sectional findings for MDS and
prevalent hepatic steatosis in CoLaus study and the British Fenland Study we reported [27]
and a study in Hong Kong [42]. Our finding that the MDS was negatively associated with an
increase in BMI after 5.3 years of follow-up is consistent with the findings from the
Framingham Heart Study which observed the same trend over 6-year follow-up [28]; and
from Nurses’ Health Study and Health Professionals’ Follow-up Study evaluating 20-year

longitudinal data with repeated self-reported measures of diet and adiposity measures [43].

Sequential subtraction of different components of the MDS showed that fruits, cereals,
dairy products, red or processed meat, or alcohol partially accounted for the observed
association. These findings agree with previous studies [26,28,44,45] including the
Framingham Heart Study suggesting benefits of low consumption of red meat and high
consumption of fruits or whole grains [28]; and a cross-sectional analysis from the
PREDIMED study suggesting the benefit of low consumption of red meat [26]. Moreover, the
Mediterranean diet is characterized by a moderate-to-high consumption of whole grains,

which has been inversely associated with the likelihood of having NAFLD [46].

Possible mechanisms and implications

Hepatic steatosis is associated with a number of metabolic risk factors including
insulin resistance, type 2 diabetes, dyslipidaemia, metabolic syndrome, and oxidative stress
[47]. Mediterranean-diet associated phenolic compounds (phenolic acids and polyphenols)
found in fruits and vegetables and high levels of monounsaturated fatty acids of olive oil have
been shown to inhibit de novo lipogenesis, improve peripheral insulin sensitivity, and reduce
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cardiovascular risk mainly due to their antioxidant, anti-inflammatory, and anti-fibrotic
effects [18,48—51]. Moreover, different components of the Mediterranean diet, including
omega 3 polyunsaturated fatty acids (PUFA), fibre, and antioxidant rich-foods, are inversely
associated with hepatic steatosis [52,53]. One meta-analysis of interventional studies reported
that omega-3 PUFA were negatively associated with hepatic steatosis [54]. The
Mediterranean diet is also low in saturated fat, which has been demonstrated to increase
hepatic triglycerides content and hepatic insulin resistance [55,56]. Finally, the high fibre

content of the Mediterranean diet has been associated with reduced hepatic fat [18,52].

Hepatic steatosis is associated with cardiometabolic diseases and substantially impacts
public health [13,15,16]. Thus, our finding of an inverse association between adherence to the
Mediterranean diet and risk of hepatic steatosis would support the importance of dietary
advice for the prevention of hepatic steatosis as well as its treatment. However, future work
should confirm whether or not the clinical importance of the Mediterranean diet for the

prevention of hepatic steatosis is independent of obesity or central adiposity.

Strengths and limitations

To our knowledge, this is the first European prospective study assessing the
association between the Mediterranean diet and risk of hepatic steatosis. The study had the
benefit of a relatively large sample size and an average of 5.3 years of follow-up, and applied
a definition of the Mediterranean diet that has been shown to be valid in a non-Mediterranean

population [33].

Several limitations of this study merit consideration. Measurement error and recall
bias are inevitable when using self-reported dietary instruments, limiting the ability to
precisely measure adherence to the Mediterranean diet, although adjustment for energy intake

may have reduced the magnitude of measurement error [57]. We used diet data measured only
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at baseline, and intra-individual variation over time might be present. However, we previously

reported that dietary intake is stable in CoLaus study and in Switzerland in general [58,59].

Our ascertainment of hepatic steatosis was based on two indices, but not on liver
biopsy or direct imaging assessment; hence, information bias (misdiagnosis) cannot be ruled
out. Although liver biopsy is the gold standard for diagnosing hepatic steatosis, its use in
apparently healthy participants would be unethical and unfeasible in a large population-based
study. Further, previous studies have shown that FLI and NAFLD-score can accurately
identify hepatic steatosis with good sensitivity and specificity, and these scores have been
validated for use in large epidemiological studies [36,37,60,61]. But, although both FLI and
NAFLD-score can indicate hepatic steatosis, their precision is variable [62]. Moreover,
presence of steatohepatitis or advanced liver fibrosis could influence the relationship of FLI or
NAFLD-score with hepatic steatosis [63]. Of note, our study was not designed to assess the

role of adherence to the Mediterranean diet in hepatic fibrosis.

Although we adjusted for many relevant confounders and performed a series of
sensitivity analyses, we cannot rule out residual confounding due to unmeasured variables or
covariates measured with error. Generalisability is limited because included participants
seemed to be healthier than those excluded, and our findings were obtained in a single
European population. Still, they confirm the findings from a previous prospective study

conducted in the US [28], and might serve as a reference for other studies.

Conclusion

Adherence to the Mediterranean diet was inversely associated with risk of hepatic
steatosis based on the FLI, and the association was independent of several known risk factors.
Conversely, the association was not observed when using different criteria specifying the

NAFLD-score. These findings support recommendations on following the Mediterranean diet
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for hepatic steatosis prevention in addition to the existing evidence for its benefit for

cardiovascular disease prevention. Nonetheless, the findings also highlight the need for

further research with more accurate measures of hepatic steatosis to replicate these findings in

different populations and settings.
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ABBREVIATIONS

NAFLD, non-alcoholic fatty liver disease; CVD; cardiovascular disease; FFQ, food frequency
questionnaire; MDS, Mediterranean diet score; FLI, fatty liver index; BMI, body-mass index;
TG, triglyceride; GGT, gamma-glutamyl transferase; AST, aspartate-aminotransferase; ALT,

alanine transaminase; PUFA, polyunsaturated fatty acids.
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Figure S1 Sample selection flow chart.

Table S1 Characteristics of the participants included and excluded from the analysis, CoLaus
study, Switzerland.

Table S2 Baseline characteristics of the participants according to the risk of hepatic steatosis,
defined by the fatty liver index or the NAFLD-score, CoLaus study, Switzerland.

Table S3 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland: assessment of influence of other potential covariates.
Table S4 Sensitivity analyses for the association of the Mediterranean diet score with the risk
of hepatic steatosis, CoLaus study, Switzerland.

Table S5 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland: sensitivity analysis while excluding participants with
only one of the indices high at baseline and using hepatic steatosis index as an alternative
score.

Table S6 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland (n=1632). Sensitivity analysis after excluding
participants with either indices high (using FLI>30 instead of FLI>60).

Table S7 Association of the Mediterranean diet score with change in BMI and waist
circumference, CoLaus study, Switzerland.

Table S8 Association of the Mediterranean diet score with GGT, ALT, and AST, CoLaus

study, Switzerland.
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Table 1 Baseline characteristics of participants according to quintiles of the Mediterranean diet score, CoLaus

study, Switzerland (n=2,288).

Quintiles of Mediterranean diet score™
Characteristic Ql Q2 Q3 Q4 Q5 P-value*

(n=458)  (n=458)  (n=457)  (n=458)  (n=457)

Age (years) 57.1£10.6  56.7£9.9  56.4+10.5 554+9.8 53.7+8.9 <0.001
Women (%) 59.0 62.9 67.6 66.6 71.1 0.001
Marital status (%) 0.51

Single 17.7 14.2 16.8 17.5 16.4

Married/cohabitant 53.9 55.7 59.1 57.2 57.3

Widowed/separated/divo

28.4 30.1 24.1 25.3 26.3

rced
Employed (%) 57.9 60.3 59.1 68.3 72.0 <0.001
Education (%)

University 19.2 21.6 26.0 31.7 31.1

High school 26.4 28.2 28.4 29.7 29.5

Apprenticeship 39.3 352 34.8 28.2 28.4

Mandatory education 15.1 15.1 10.7 10.5 10.9 <0.001
Current smokers (%) 24.7 21.8 223 16.2 15.5 0.014
Alcohol intake (%)

Abstainers 21.8 24.0 25.8 24.7 21.2

Moderate 63.8 66.2 69.4 70.7 76.6

Heavy 144 9.8 4.8 4.6 22 <0.001

Total energy intake

1819+705  1812+675  1781+729  1821+653  1801+595 0.87
(kcal/day)
Protein (%energy) 15.843.3 15.944.1 15.3+£3.0 15.24£3.0 14.7+2.6 <0.001

Carbohydrates (%energy) 45.3+9.2 45.949.1 47.3+8.0 47.6+8.2 49.0+7.8 <0.001

Fat (%energy) 33.6+6.5 345469  34.6567 34565  34.146.9 0.11
TEE (kcal/day) 25624580 26004618 25644602  2558+555 25894565 0.84
Metabolic syndrome (%)} 11.8 9.8 12.3 12.7 7.4 0.063
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BMI (kg/m?) 24.0+2.7 23.8£2.9 23.9+3.0 23.6+2.8 23.3+2.7 0.003
Waist circumference (cm) 85.4+8.5 84.9+9.4 85.0+9.2 84.0+8.7 82.9+8.6 <0.001
Triglycerides (mmol/l) 1.1+£0.5 1.0+0.5 1.1+£0.5 1.0£0.5 1.0+0.5

median (iqr)
GGT (UN)
median (iqr)
>50 (%)
ALT (U/)
median (iqr)
>40 (%)
AST (U/D)
median (iqr)

>37 (%)

1.0 (0.8, 1.3) 0.9(0.7, 1.2) 1.0 (0.7, 1.3) 0.9 (0.7,1.2) 0.9(0.7,1.2)  0.009

25.0£16.5  25.1+£17.9  23.2+14.5 24.0£17.9  21.5+12.1 0.002
20(15,29) 21(15,28) 19(14,28) 19 (14,26) 18 (14,25)

7.4 6.3 5.7 6.1 2.6 0.025
21.3+7.8 22.1+8.9 22.549.7 21.3+8.7 21.54+8.7 0.12
19 (16,25) 20(16,26) 20(16,27) 19(16,25) 20 (16,24)

35 54 8.3 4.6 3.5 0.005
26.0+£5.85 26.246.5 26.1+6.6 25.846.1 25.74£5.7 0.68
25(22,29) 25(22,29) 25(21,29) 25(22,29) 25(22,29)

4.1 83 6.3 5.0 4.4 0.038

Abbreviations: TEE, total energy expenditure; BMI, body mass index; iqr, interquartile range; GGT, gamma-

glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

* The population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score. P-values

were computed by using ANOVA for continuous variables and Chi-square test for categorical variables.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14

for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

I Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm

in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or

specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men

and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130 mm

Hg or diastolic blood pressure >85 mm Hg or treatment for previously diagnosed hypertension; and fasting

plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes).
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Table 2 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland (n=2,¢88).
Risk ratio (95% CI) across quintiles of Mediterranean diet score* Risk ratio
P-trend (95% CI)
Ql Q2 Q3 Q4 Q5
Per SD increase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-1%1
N total 458 458 457 458 457§
Fatty liver index, median (iqr)t 21.8(10.4,37.7) 20.4(9.0,39.4) 18.5(8.9,34.6) 18.1(7.7,33.1) 142 (6.6,%8.5)
N cases (score>60) 36 43 35 22 17 %
Unadjusted 1.00 (ref.) 1.19(0.78,1.82) 0.97 (0.62,1.52) 0.61(0.37,1.02) 0.47 (0.27_50.83) 0.001 0.79 (0.70, 0.90)
Multivariable 1.00 (ref.) 1.11(0.72,1.72) 1.07 (0.68, 1.66) 0.71(0.42,1.22) 0.50 (0.28§Q.91) 0.006 0.84 (0.73, 0.96)
Multivariable + BMI 1.00 (ref.) 1.12(0.73,1.71)  0.90 (0.58,1.39) 0.74 (0.44,1.24) 0.61 (0.34%1.09) 0.031 0.85(0.73,0.99)
Multivariable + BMI + WC 1.00 (ref.) 1.07 (0.70, 1.64) 0.90 (0.59, 1.37) 0.74 (0.44,1.26) 0.60 (0.3421.08) 0.034 0.85(0.71, 1.02)
NAFLD-score, median (iqr)§ -2.1(-2.4,-1.5) -2.0(-24,-14) -2.0(24,-1.3) -2.1(25,-1.5) -2.1 (—2.5,?)_:1.6)
N cases (score>-0.640) 41 46 51 38 32“;
Unadjusted 1.00 (ref.) 1.12(0.75,1.67) 1.25(0.84,1.84) 0.93(0.61,1.41) 0.78 (O.SO§1.22) 0.17 0.93 (0.82, 1.05)
Multivariable } 1.00 (ref.) 1.13(0.75,1.70) 1.26 (0.85,1.87) 1.01(0.65,1.56) 0.80 (0.50%1.28) 0.28 0.95 (0.83, 1.09)
Multivariable + BMI 1.00 (ref.) 1.17 (0.78,1.75) 1.17(0.80,1.71) 1.07 (0.69, 1.65) 0.95 (0.60;91.52) 0.71 0.99 (0.86, 1.15)
Multivariable + BMI + WC 1.00 (ref.) 1.12 (0.75,1.67) 1.17 (0.80,1.72) 1.07 (0.70, 1.65) 0.96 (0.60%.53) 0.80 1.00 (0.86, 1.17)

Abbreviations: iqr, interquartile range; BMI, body mass index; WC, waist circumference; NAFLD, non-alcoholic fatty liver disea
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Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence ir§ervals).

0]

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standafg’i deviation was 1.20 for the multivariable
analyses.

1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase.

Z laquiaoag z

1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (@)rking and not working), education level
v
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcg/day), total energy expenditure (kcal/day),

and date of dietary assessment.

papeoju

§ Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasting serum insulin, fasting serum aspartate-

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Figure 1 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus
study, Switzerland (n=2288): sensitivity analysis to examine influence of each component of Mediterranean

Abbreviations: FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease.
Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios

Risk ratio (RR) and 95% confidence intervals (CI) were estimated per one standard deviation of MDS
(overall association) or of each MDS computed after excluding one component.

* Adjusted for age (years), sex, marital status (single, married/cohabiting, and
widowed/Separated/divorced), occupational status (working and not working), education level (university,
high school, apprenticeship, and mandatory education), smoking status (never, former, and current),
energy intake (kcal/day), total energy expenditure (kcal/day), and date of dietary assessment.
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diet.

and (95% confidence intervals).

NAFLD-score, multivariable adjusted model*

RR (95% CI)

0.95 (0.82, 1.10)
0.94 (0.81, 1.08)
0.96 (0.83, 1.11)
0.95(0.82, 1.10)
0.94 (0.81, 1.09)
0.95(0.82, 1.10)
0.95(0.82, 1.10)
1,03 {0.89, 1.20)
0.95(0.83, 1.10)
0.97 (0.84,1.12)
0.95 (0.82, 1.09)
0.92 (0.80, 1.07)
0.95(0.82, 1.10)
0.95 (0.83,1.10)

0.97 (0.84, 1.12)
2
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Figure S1 Sample selection flow chart.

Total original sample (n=5064)

Prevalent hepatic steatosis, either scores high
(n=2036, 40.2%)*

\4

A\ 4

Missing dietary data (n=234, 4.62%)

Missing covariate data or outcome data
(n=506, 10.0%)

A 4

Total analytic sample (n=2288, 45.2%)

* Prevalent hepatic steatosis was defined as having either fatty liver index> 60 OR non-alcoholic fatty liver
disease fatty liver score> -0.640.
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Switzerland.
Included Excluded P-value*
Characteristic (n=2288) (n=2776)
Age, years 55.8+£10.0 59.4+10.6 <0.001
Women (%) 65.4 43.6 <0.001
Marital status (%)t 0.038
Single 16.5 14.0
Married/cohabiting 56.6 57.4
Widowed/separated/divorced 26.8 28.6
Employed (%) 63.5 50.4 <0.001
Education (%)} <0.001
University 25.9 175
High school 285 23.6
Apprenticeship 33.2 374
Mandatory education 125 214
Current smoker (%) 20.1 23.1 <0.001
Alcohol consumption (%)71 <0.001
Abstainers 235 26.8
Moderate 69.3 63.3
Heavy 7.2 9.9
Total energy intake (kcal/d) 18074673 18531784 0.033
Total protein (% energy) 15.4+3.3 15.6+3.5 0.015
Total carbohydrate (% energy) 47.0+8.6 45.4+9.1 <0.001
Total fat (% energy) 34.316.7 34.4+6.9 0.54
TEE (kcal/d) 2575586 2790+669 <0.001
Metabolic syndrome (%)8§ 10.8 60.9 <0.001
BMI (kg/m?) 23.742.8 28.3+4.8 <0.001
Waist circumference (cm) 84.448.9 98.3112.5 <0.001
Triglycerides (mmol/l) 1.0£0.5 1.6£1.1 <0.001
median (iqr) 0.9(0.7,1.2) 1.4 (1.0, 2.0)
GGT (U/) 23.8+16.0 48.8+60.8 <0.001
median (iqr) 19 (14, 27) 32 (21, 53)
>50 (%) 5.6 27.5 <0.001
ALT (U/l) 21.848.8 32.5+20.7 <0.001
median (iqr) 20 (16, 25) 27 (20, 38)
>40 (%) 5.0 23.3 <0.001
AST (U/) 25.9+6.2 31.6+14.1 <0.001
median (iqr) 25 (22, 29) 28 (24, 34)
>37 (%) 5.6 20.4 <0.001

Abbreviations: TEE, total energy expenditure; BMI, body mass index; igr, interquartile range; GGT, gamma-
glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
Data are mean + SD for continuous variables or percent for categorical variables, unless otherwise stated.

* P-value calculated using Chi-square test for categorical variables and student’s t-test for continuous variables.
+ Due to some missing data, percentages do not always add to 100%.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

§ Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm

in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or

specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men

and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130

mmHg or diastolic blood pressure >85 mmHg or treatment for previously diagnosed hypertension; and fasting
plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes).
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Table S2 Baseline characteristics of the participants according to the risk of hepatic steatosis defined by the
fatty liver index or the NAFLD-score, CoLaus study, Switzerland.

Risk of hepatic steatosis

FLI NAFLD-score
No Yes P-value* No Yes P-value*
Characteristic (n=2135) (n=153) (n=2080) (n=208)
Age, years 55.8+10.1 54.9+9.5 0.29 55.6+10 57.7+£10.1 0.003
Women (%) 66.8 458 <0.001 66.7 52.9 <0.001
Marital status (%) 0.86 0.79
Single 16.6 15.0 16.7 14.9
Married/cohabiting 56.5 58.2 56.5 58.2
Widowed/Separated/divorced 26.8 26.8 26.8 26.9
Employed (%) 63.3 66.0 0.50 64.5 53.8 0.002
Education (%)t 0.013 0.33
University 26.7 15.0 26.4 20.7
High school 28.3 30.1 28.3 29.8
Apprenticeship 32.6 40.5 32.8 36.5
Mandatory education 12.3 144 124 13.0
Current smoker (%) 19.7 255 0.006 20.3 17.8 0.52
Alcohol consumption (%)1% 0.15 0.001
Abstainers 233 26.1 225 33.7
Moderate 69.7 63.4 70.4 58.7
Heavy 6.9 105 7.1 7.7
Total energy intake (kcal/d) 18004655 19064879 0.062 17944654 19384833 0.003
Protein (% energy) 15.3+3.1 16.1+5.0 0.006 15.3+3.2 16.0+4.1 0.006
Carbohydrate (% energy) 47.1+8.5 45.6+10.1 0.037 47.0£8.5 46.5+9.5 0.36
Fat (% energy) 34.3+6.7 33.8+7.2 0.37 34.2+6.7 34.4+6.6 0.69
TEE (kcal/d) 25524572 29124677 <0.001 25624582 26994616 0.002
Metabolic syndrome (%)8 9.9 229 <0.001 9.8 21.2 <0.001
BMI (kg/m?) 23.5+2.7 26.8+2.6 <0.001 23.5+2.8 26.0+2.5 <0.001
Waist circumference (cm) 83.848.7 93.4+7.0 <0.001 83.7£8.7 92.0+7.4 <0.001
Triglycerides (mmol/l) 1.0£0.5 1.2+0.5 <0.001 1.0+0.5 1.2+0.5 <0.001
median (igr) 09(0.7,1.2) 1.1(0.7,1.2) 0.9(0.7,1.2) 1.1(0.8,1.4)
GGT (U/) 23.1+15.2 32.4+22.2 <0.001 23.3+15.4 28.1+20.6 <0.001
median (igr) 19 (14, 26) 26 (18, 40) 19 (14, 26) 22 (15, 34)
>50 (%) 4.9 15.0 <0.001 5.3 9.1 0.022
ALT (U/) 21.6+8.8 23.5+8.9 0.013 21.3+8.4 26.0+11.6 <0.001
median (igr) 19 (16, 25) 21 (17, 28) 19 (16, 25) 23 (18, 30)
>40 (%) 5.0 5.9 0.63 4.5 10.6 <0.001
AST (U/l) 25.9+6.2 26.316.3 0.50 25.9+6.2 26.916.2 0.026
median (igr) 25 (22, 29) 25 (22, 29) 25 (22, 29) 26 (22, 30)
>37 (%) 5.5 7.2 0.39 5.3 8.2 0.096

Abbreviations: TEE, total energy expenditure; FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease;
BMI, body mass index; igr, interquartile range; GGT, gamma-glutamy| transferase; ALT, alanine
aminotransferase; AST, aspartate Aminotransferase.

Data are mean + SD for continuous variables or percent for categorical variables, unless otherwise stated.

* P-value calculated using Chi-square test for categorical variables and student’s t-test for continuous variables.
+ Due to some missing data, percentages do not always add to 100%.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

§ Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130 mm
Hg or diastolic blood pressure >85 mm Hg or treatment for previously diagnosed hypertension; and fasting
plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes.
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Table S3 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland: ass%sment of influence of other potential
covariates. 9
Risk ratio (95% CI) across quintiles of Mediterranean diet score* 13 Risk ratio
P-trend (95% CI)
Q1 Q2 Q3 Q4 §5 Per SD increase*
Range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.6§-12.l
N total 458 458 457 458 B7
Fatty liver indext o
Different models S
N Cases (score>60) 36 43 35 22 @7
Multivariable (Model 1) 1.00 (ref.)  1.11(0.72,1.72)  1.07 (0.68,1.66)  0.71(0.42,1.22)  0.50 (28, 0.91) 0.006 0.84 (0.71, 0.99)
Model 1 + Changes in BMI categories8 1.00 (ref)  1.11(0.73,1.69)  0.98(0.64,1.50)  0.73(0.43,1.24)  0.59 ((&32, 1.06) 0.024 0.85(0.72, 1.02)
Model 1 + Alcohol 1.00 (ref.) 1.11(0.72,1.72) 1.06(0.69,1.65) 0.71(0.41,1.22)  0.50 ((&28, 0.91) 0.006 0.84 (0.70, 0.99)
Model 1 + Alcohol+ BMII 1.00 (ref.)  1.13(0.74,1.73) 0.92(0.59,1.42) 0.76(0.45,1.29) 0.63 ((%85, 1.14) 0.047 0.86 (0.72, 1.04)
Model 1 + Clinical variables** 1.00 (ref.) 1.30(0.80,2.11) 1.20(0.74,1.94) 0.77(0.43,1.39)  0.57 (G380, 1.09) 0.023 0.84 (0.70, 1.01)
Model 1 + Clinical variables + BMI 1.00 (ref.)  1.28(0.79,2.07) 0.94(0.58,1.52)  0.80 (0.45,1.41)  0.68 (@36, 1.27) 0.076 0.86 (0.71, 1.04)
Model 1 + MetSt7 1.00 (ref.)  1.14(0.74,1.75) 1.03(0.66,1.60) 0.68(0.40,1.16) 0.51 (0328 0.93) 0.005 0.83(0.70, 0.99)
NAFLD-scorefi =
Different models E
N Cases (score>-0.640) 41 46 51 38
Multivariable (Model 1)} 1.00 (ref)  1.13(0.75,1.70) 1.26 (0.85,1.87) 1.01(0.65,1.56) 0.80 (%20 1.28) 0.28 0.95 (0.82, 1.10)
Model 1 + Changes in BMI categories§ 1.00 (ref)  1.13(0.76,1.69) 1.18(0.80,1.74)  1.04 (0.68,1.60)  0.93 (38, 1.48) 0.65 0.99 (0.86, 1.16)
Model 1 + Alcohol 1.00 (ref.)  1.11(0.73,1.67) 1.22(0.82,1.82)  0.97 (0.63,1.51)  0.77 (G48, 1.23) 0.21 0.94 (0.81, 1.09)
Model 1 + Alcohol+ BMII 1.00 (ref.)  1.16(0.78,1.73)  1.15(0.78,1.68)  1.04 (0.68,1.61)  0.93 (58, 1.48) 0.62 0.99 (0.85, 1.15)
Model 1 + Clinical variables** 1.00 (ref)  1.20(0.78,1.84)  1.32(0.88,1.98)  0.99 (0.64,1.55)  0.85 (452, 1.37) 0.33 0.95(0.82, 1.11)
Model 1 + Clinical variables + BMI 1.00 (ref) 1.21(0.80,1.84) 1.19(0.80,1.78) 1.06(0.69,1.64) 0.99 (&51, 1.60) 0.76 0.99 (0.85, 1.16)

N
o
I\J

CD

‘1ybuAdoo Ag
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Abbreviations: SES, socio-economic status; BMI, body mass index; MetS, metabolic syndrome; NAFLD, non-alcoholic fatty Iivergisease' SD, standard deviation; Cl,
confidence interval.
Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence n%rvals)
* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standafg deviation was 1.20 for different
multivariable analyses. 1
1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase.
1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (vworkmg and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kc§/day) total energy expenditure (kcal/day),
and date of dietary assessment.
8§ Changes in BMI categories defined as individuals with a normal BMI at baseline and follow-up, individuals with normal BMI at'baselme and overweight or obese BMI at
follow-up, individuals with overweight or obese BMI at baseline and at follow-up, or individuals with overweight or obese BMI a@asellne and normal at follow-up.

I Results of further adjustment for waist circumference were broadly in line with of the further adjustment for BMI (data not showrd.
**Family history of diabetes (yes/no), high blood pressure (yes/no), high triglyceride level (yes/no), low HDL level (yes/no), and @gh glucose level (yes/no).
+1 Metabolic syndrome as defined by the International Diabetes Federation (yes/no).
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Table S4 Sensitivity analyses for the associations of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, gwitzerland.

Risk ratio (95% CI) across quintiles of Mediterranean diet score* 9

N Risk ratio
01 Q2 Q3 Q4 ng P-trend (95% ClI)
@ Per SD increase*
Range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9%0-12.1
N total 458 458 457 458 AS7
. . 0]
Fatty liver indext =
. N
Different models Q
N Cases (score>60) 36 43 35 22 o17
Multivariable (Model 1)} 1.00 (ref.)  1.11(0.72,1.72) 1.07 (0.68,1.66) 0.71(0.42,1.22) 0.50[d.28,0.91)  0.006 0.84 (0.71, 0.99)
Excluding alcohol from MDS component 2
Model 1 + Alcohol 1.00 (ref.) 1.64 (1.04,2.58) 1.08 (0.65,1.80) 1.17(0.70,1.96) 0.65@.35,1.18)  0.069 0.86 (0.73, 1.03)
Model 1 + Alcohol + BMI§ 1.00 (ref.) 1.53(0.98,2.39) 0.94(0.57,1.54) 1.08(0.67,1.77) 0.75 g.éll, 1.35) 0.15 0.89 (0.75, 1.06)
Excluding participants with BMI>30I Q
N Cases (score>60) 35 40 28 19 316
Model 1 1.00 (ref.) 1.08(0.69,1.68) 0.90 (0.56,1.46) 0.64(0.36,1.12) 0.50 .27,0.93)  0.005 0.83 (0.69, 0.98)
Model 1 + BMI§ 1.00 (ref.) 1.02 (0.66,1.58) 0.84(0.53,1.33) 0.65(0.37,1.14) 0.60 .33,1.10) 0.031 0.85 (0.70, 1.02)
Excluding participants with excessive alcohol <
consumption** g
N Cases (score>60) 33 42 34 21 o117
Model 1 1.00 (ref.) 1.17(0.75,1.84) 1.12(0.71,1.77) 0.70 (0.40, 1.23) 0.522.28, 0.95)  0.007 0.82 (0.69, 0.98)
Model 1 + BMI§ 1.00 (ref.) 1.17(0.76,1.81) 0.91(0.58,1.42) 0.73(0.42,1.24) 0.64{9.35,1.15)  0.037  0.85(0.71,1.02)
Excluding participants with implausible energy intake++ §
N Cases (score>60) 33 41 33 22 816
Model 1 1.00 (ref.)  1.19(0.63,2.23) 1.16 (0.61,2.20) 0.87(0.45,1.69) 0.69 @.35,1.38)  0.16  0.85(0.71, 1.01)
Model 1 + BMI§ 1.00 (ref.)  1.13(0.60,2.13) 0.90 (0.47,1.73) 0.81(0.43,153) 0.74@®.37,1.49) 020  0.86(0.72,1.04)
Excluding participants with secondary causes of hepatic >
steatosisf i ES
N Cases (score=>60) 37 42 35 22 =17
Model 1 1.00 (ref) 1.18(0.75,1.85) 1.11(0.70,1.76)  0.78 (0.45,1.34) 0.51{Q.27,0.94)  0.010  0.85(0.71,1.01)
Model 1 + BMI§ 1.00 (ref) 1.17(0.75,1.83) 0.95(0.60,1.50) 0.78(0.46,1.31) 0.63@.34,1.17)  0.050 0.86 (0.72, 1.04)
Excluding participants with diabetes§§ :;_
N Cases (score>60) 35 40 35 22 <16
Model 1 1.00 (ref) 1.06 (0.67,1.66) 1.11(0.71,1.73) 0.74 (0.43,1.27) 0.49%.26, 0.91) 0.009 0.84(0.71,0.998)
Model 1 + BMI§ 1.00 (ref) 1.06 (0.69,1.65) 0.92(0.59,1.43) 0.76(0.45,1.29) 0.58{0.32,1.06)  0.033 0.85(0.71, 1.02)
o
NAFLD-score 11 S
Different models s
N Cases (score>-0.640) 41 46 51 38 ®32
Multivariable (Model 1)} 1.00 (ref)  1.13(0.75,1.70)  1.26(0.85,1.87)  1.01 (0.65, 1.56) 0.28  0.95(0.82,1.10)

0.80@.50, 1.28)
Q
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3 Excluding alcohol from MD component o
4 Model 1 + Alcohol 1.00 (ref)  1.15(0.78,1.71) 0.92 (0.61,1.41) 092 (0.59,1.42) 0.89(3.57,1.38)  0.34 0.93 (0.81, 1.08)
5 Model 1 + Alcohol + BMI§ 1.00 (ref.) 1.15(0.78,1.69) 0.88(0.59,1.32) 0.88(0.57,1.35) 1.02{%).66,1.57) 065  0.96(0.83, 1.12)
6 Excluding participants with BMI>30I N
7 N Cases (score>-0.640) 40 46 44 36 @31
8 Model 1 1.00 (ref)  1.15(0.76,1.74)  1.12(0.74,1.69) 0.9 (0.63, 1.55) 0.81%.5, 130) 027  0.94(0.81,1.09)
Model 1 + BMI§ 1.00 (ref) 1.17(0.78,1.75)  1.09(0.73,1.63) 1.07 (0.69,1.67)  0.970.6, 1.55) 076  0.99(0.85, 1.15)
9 Excluding participants with excessive alcohol @
10 consumption** N
n N Cases (score>-0.640) 38 43 50 37 332
12 Model 1 1.00 (ref.)  1.10(0.73,1.68) 1.28(0.85,1.91) 1.00 (0.64,1.56)  0.80¢9.5, 1.29) 0.32 0.96 (0.83, 1.11)
13 Model 1 + BMI§ 1.00 (ref.) 1.15(0.76,1.74) 1.18(0.80,1.73) 1.06(0.69,1.65) 0.96%0.6,154) 075  1.00(0.86, 1.17)
14 Excluding participants with implausible energy intaket+ g
15 N Cases (score>-0.640) 39 46 48 38 230
16 Model 1 1.00 (ref) 1.32(0.75,2.35) 1.48(0.84,2.60) 1.06(0.59,1.91) 1.15@.64,2.07)  0.92 0.95 (0.82, 1.10)
17 Model 1+ BMI§ _ _ 1.00 (ref)  1.34(0.76,2.38)  1.35(0.77,2.37) 1.06(0.59,1.89) 1.29 g.72, 2.33) 067  0.99(0.85,1.16)
Excluding participants with secondary causes of hepatic
18 steatosisf i g
19 N Cases (score>-0.640) 4 46 50 37 S31
20 Model 1 1.00 (ref.)  1.19(0.79,1.81)  1.26(0.84,1.89)  1.06 (0.68,1.65) 0.78 848 127) 025  0.95(0.82,1.10)
21 Model 1 + BMI§ 1.00 (ref) 1.23(0.82,1.85) 1.17(0.79,1.73) 1.11(0.71,1.72) 0.93.57,1.52)  0.66 0.99 (0.85, 1.16)
22 Excluding participants with diabetes§§ 3
23 N Cases (score>-0.640) 37 43 50 36 230
24 Model 1 1.00 (ref.)  1.17(0.76,1.79)  1.37 (0.90,2.06) 1.05(0.67,1.66) 0.85 @ 52,1.39)  0.43 0.97 (0.83, 1.12)
25 Model 1 + BMI§ 1.00 (ref) 1.21(0.79,1.85) 1.26(0.85,1.87) 1.11(0.71,1.75) 1.01%.62,1.63)  0.89 1.01 (0.86, 1.18)
2% Abbreviations: SES, socio economic status; BMI, body mass index; MD, Mediterranean Diet; NAFLD, non-alcoholic fatty liver diSease; SD, standard deviation; Cl,
confidence interval. 9
27 Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence Mervals)
28 * In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa® deviation was 1.41 after excluding
29 alcohol from Mediterranean Diet score components, 1.20 after excluding participants with BMI>30, 1.18 after excluding participargs with excessive alcohol consumption,
30 1.20 after excluding participants with probable implausible energy intake or after excluding participants with secondary causes of Fﬂepatlc steatosis or diabetes.
31 1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase. N
32 1 Adjusted for age (years), sex, marital status (smgle married/cohabitant, and widowed/Separated/divorced), occupational status (wsorklng and not working), education level
33 (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcglday) total energy expenditure (kcal/day),
34 and date of dietary assessment. g
35 8 Results of further adjustment for waist circumference were broadly in line with of the further adjustment for BMI (data not shovv@
36 I Excluded 36 participants with BMI>30 kg/m?. 3
37 ** Excessive alcohol consumption defined as >21 units per week for men and >14 units per weeks for women; excluded 60 partl(:lmnts with excess alcohol consumption
38 (n=2228). o
39 +1 Implausible energy intake defined as <500 and <800 kcal or >3,500 or >4,000 kcal in women and men, respectively; excluded 43- participants with probable implausible
40 energy intake (n=2247). 8
41 g
42 f__g
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11 Secondary causes of hepatic steatosis defined as having hepatitis B, C or HIV, and with hepatotoxic medications (Glucocortico@e, isoniazid, methotrexate, amiodarone,
and tamoxifen); excluded 36 participants with probable secondary causes of hepatic steatosis (n=2252).
§8 Diabetes defined as glycated haemoglobin>48 mmol/mol, or fasting plasma glucose >7.0 mmol/L, or use of hypoglycaemic drug,s or insulin; excluded 26 participants with
probable secondary causes of hepatic steatosis (n=2262).

17 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fastlm serum insulin, fasting serum aspartate-
aminotransferase (AST), and the AST/alanine-aminotransferase ratio.

uo

10

"1ybuAdoo Ag paroaroid 1senb Ag 2oz ‘0T |1idy uo jwod[wq-uadolwqg//:dny woly papeojumoq "0z0z Jaqua

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 46 of 53


http://bmjopen.bmj.com/

Page 47 of 53

oNOYTULT D WN =

BMJ Open

60770-020¢-uadofw

Table S5 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland: sengitivity analysis while excluding
participants with only one of the indices high at baseline and using hepatic steatosis index as an alternative score.

o
>
Risk ratio (95% CI) across quintiles of Mediterranean diet score* 13 Risk ratio
P-trend (95% ClI)
Ql Q2 Qs Q4 (§ Per SD increase *
range 1.83-7.64 7.64-8.34 8.35-8.92 8.93-9.57 9.5832.18
N total (n=2652) 531 530 531 530 580
Fatty liver index, median (igr)f 234 (11.1,41.4)  24.1(106,44.7)  22.3(9.9,39.7) 20.2 (8.4, 38.4) 17.5 (73, 34.5)
N cases (score>60) 51 56 54 35 B
Unadjusted 1.00 (ref.) 1.10(0.77,1.58)  1.06(0.74,152)  0.69 (0.45,1.04)  0.47 (0.89, 0.75) <0.001 0.79 (0.69, 0.89)
Multivariable } 1.00 (ref.) 112(0.77,1.63)  1.25(0.86,1.81) 0.88(0.57,1.35)  0.56 (0.84,0.92) 0.011 0.86 (0.74, 0.99)
Multivariable + BMI 1.00 (ref.) 1.08(0.75,154)  0.99(0.70,1.41) ~ 0.85(0.56,1.30)  0.59 (0.85, 0.96) 0.017 0.84 (0.73, 0.98)
Multivariable + BMI & WC 1.00 (ref.) 1.01(0.71,1.45)  0.99 (0.70,1.40)  0.84 (0.56,1.28)  0.58 (0.85, 0.95) 0.019 0.84 (0.72, 0.98)
o
range 1.83-7.56 7.57-8.29 8.30-8.88 8.89-9.53 9.5432.12
N total (n=2568) 514 514 513 514 5
NAFLD-score, median (iqr)§ -19(-24,-13)  -18(23,-12)  -19(24,-13)  -20(25-13) -21(-Z5 -16)
N cases (score>-0.640) 63 70 67 59 3B
Unadjusted 1.00 (ref.) 1.11(0.81,1.53)  1.07(0.77,1.47) 0.94(0.67,1.31)  0.60 (0.%.1, 0.89) 0.006 0.88 (0.79, 0.99)
Multivariable % 1.00 (ref.) 1.16(0.83,1.62) 1.16(0.83,1.61) 1.02(0.72,1.46)  0.66 (04, 1.00) 0.039 0.92 (0.81, 1.04)
Multivariable + BMI 1.00 (ref.) 1.27(0.91,1.76)  1.24(0.89,1.72)  1.16(0.81,1.65)  0.84 (0.55, 1.28) 0.34 0.98 (0.87, 1.11)
Multivariable + BMI & WC 1.00 (ref.) 1.25(0.90,1.73)  1.24(0.89,1.72) 1.16(0.82,1.65) 0.83 (0.34,1.27) 0.34 0.99 (0.87, 1.12)
o
range 1.83-7.15 7.16-8.07 8.08-8.76 8.77-9.47 9.48-52.18
N total (n=2351) 471 470 470 470 4%
Hepatic steatosis index, median (iqr)t 32.4(30.5,344)  323(30.3,346) 325(30.4,345) 326(30.6,344) 324 (3@B, 34.1)
N cases (score>36) 166 123 120 120 183
Unadjusted 1.00 (ref.) 0.74(0.61,0.90)  0.72 (0.59,0.88)  0.72(0.59,0.88)  0.62 (0.8, 0.76) <0.001 0.85 (0.79, 0.90)
Multivariable 1.00 (ref.) 0.77(0.61,0.96)  0.79 (0.63,1.00)  0.83(0.65,1.04)  0.70 (0.55, 0.91) 0.070 0.90 (0.82, 0.98)
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Abbreviations: igr, interquartile range; SES, socio-economic status; BMI, body mass index; WC, waist circumference; NAFLD, ndd-alcoholic fatty liver disease.
Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence irgervals).
* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standagi deviation was 1.21 for the multivariable
analyses.
+ Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase.

1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (\Borklng and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kc:{-!/day) total energy expenditure (kcal/day),
and date of dietary assessment.
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8§ Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasti
aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S6 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland (n=1%
participants with either indices high (using FL1>30 instead of FLI1>60).

32), Sensitivity analysis while excluding

ZzZuo 6 gbovo-ozoz-uedo_ﬂu

Risk ratio (95% CI) across quintiles of Mediterranean diet score* Risk ratio
P-trend (95% ClI)
Q1 Q2 Q3 Q4 Qg Per SD increase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-@.1
N total 327 326 327 326 328
Fatty liver index, median (iqr)T 14.9 (7.6, 24.8) 12.7 (7.4, 23.7) 12.3 (5.5, 22.3) 11.8 (6.3, 22.7) 10.2 (5. ?.}’21 8)
N cases (score>60) 9 5 2 2 33
Unadjusted 1.00 (ref.) 056 (0.19,1.65)  0.22(0.05,1.02)  0.22(0.05,1.02)  0.33 (0.09 1.22) 0.047 0.66 (0.45, 0.97)
Multivariable } 1.00 (ref.) 0.63(0.20,2.00)  0.14(0.02,0.96)  0.27(0.05,1.32)  0.39 (0.0 1.68) 0.096 0.72 (0.47, 1.10)
Multivariable + BMI 1.00 (ref.) 0.68(0.22,2.05) ~ 0.13(0.02,0.98) ~ 0.26(0.06,1.15)  0.41(0.1§, 1.70) 0.087 0.73 (0.48, 1.11)
Multivariable + BMI + WC 1.00 (ref.) 050(0.18,1.42)  0.12(0.01,0.98)  0.22(0.051.03)  0.39 (0.08 1.67) 0.093 0.71 (0.46, 1.09)
o
NAFLD-score, median (iqr)§ -2.2(-2.5,-1.8) -2.2(-2.5,-1.7) -2.2(-2.5,-1.8) -2.2(-2.6,-1.8) 2.2 (-2.8 -1.8)
N cases (score>-0.640) 13 14 10 13 1Z
Unadjusted 1.00 (ref.) 1.08(0.52,2.26)  0.77(0.34,1.73)  1.00(0.47,2.13)  0.93 (0.43, 2.00) 0.79 0.94 (0.73, 1.20)
Multivariable } 1.00 (ref.) 1.13(0.55,2.32)  0.79(0.35,1.76)  1.10(0.52,2.34)  0.98 (0.45 2.15) 0.94 0.95 (0.73, 1.24)
Multivariable + BMI 1.00 (ref.) 1.25(0.60,2.60)  0.81(0.36,1.84)  1.20(0.56,258) 113 (0.5% 2.52) 0.82 0.98 (0.75, 1.28)
Multivariable + BMI + WC 1.00 (ref.) 1.17(0.57,2.44)  0.85(0.37,1.93)  1.13(0.52,2.45)  1.12 (0.5 2.53) 0.84 0.98 (0.75, 1.28)

Abbreviations: igr, interquartile range; BMI, body mass index; WC, waist circumference; NAFLD, non-alcoholic fatty liver diseasg.
Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence irervals).

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa@i deviation was 1.21 for the multivariable

analyses. 3
1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase. S

I Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (\&orking and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcﬁlday) total energy expenditure (kcal/day),

and date of dietary assessment. S
8 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasting serum insulin, fasting serum aspartate-

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S7 Association of the Mediterranean diet score with change in BMI and waist circumference, CoLaus study, Switzerland.
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B coefficient (95% CI ) across quintiles of Mediterranean diet score*

B coefficient
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P-trend 95% ClI
Q1 Q2 Q3 Q4 Q5 Per EQ,D incre)ase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-12
N total 458 458 457 458 457
ABMI, meantSD+ 0.48 +1.62 0.61+1.53 0.42+1.44 0.50 +1.52 0.40 +1.59
Multivariable § 1.00 (ref)  0.12(-0.08,0.33)  -0.08 (-0.28,0.13)  -0.04 (-0.25,0.16)  -0.16 (-0.37, %04) 0.038  -0.08 (-0.15, -0.02)
o
AWaist circumference, mean+SD§ 1.04 +£6.53 0.74 + 6.42 0.19 £ 6.00 0.57 +6.33 0.17 +6.19
Multivariable 1.00 (ref)  -0.51(-1.36,0.34) -0.85 (-1.69,0.00) -0.47 (-1.32,0.38) -0.82 (-1.68,803) 010  -0.33(-0.61, -0.06)

Abbreviations: BMI, Body mass index.

Statistical analysis using linear regression; results are expressed as 3 coefficients and (95% confidence intervals).

* |n categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa
multivariable analyses.

+ Calculated by subtracting BMI at baseline from BMI at follow-up.

1y wouRapeo|y

deviation was 1.20 for the

1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (\ﬂorking and not working), education
level (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy mtakg(kcal/day) total energy

expenditure (kcal/day), and date of dietary assessment.
8 Calculated by subtracting waist circumference at baseline from waist circumference at follow-up.
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B coefficient (95% CI) across quintiles of Mediterranean diet score* B coefficient
P-trend (95% CI)
Ql Q2 Q3 Q4 Q5 Per SD increase *
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-12.12
N total 458 458 457 458 457
GGT (U/l), median (iqr) 21 (15, 29) 20 (14, 29) 19 (14, 26) 18 (14, 28) 17 (13, 26)
Multivariable f 1.00 (ref.) -2.63 (-9.01, 3.76) -5.71 (-12.07, 0.66) -4.24 (-10.64, 2.16) -6.03 (-12.45, 0.38) 0.063 -1.53 (-3.60, 0.53)
Multivariable + BMI 1.00 (ref.) -2.86 (-9.24, 3.53) -5.70 (-12.06, 0.66) -4.50 (-10.90, 1.90) -6.52 (-12.95, -0. %) 0.047 -1.66 (-3.73, 0.41)
Multivariable + BMI & WC 1.00 (ref.) -2.93 (-9.32, 3.45) -5.72 (-12.08, 0.64) -4.54 (-10.94, 1.86) -6.53 (-12.96, -0. B)) 0.047 -1.65 (-3.72, 0.41)
o
ALT (U/1), median (igr) 20 (16, 26) 20.5 (17, 26) 20 (16, 26) 19.5 (16, 25) 20 (16, 25) %
Multivariable f 1.00 (ref.) 0.03 (-0.02, 0.08) 0.03 (-0.02, 0.08) -0.013 (-0.06, 0.04) 0.002 (-0.05, 0. Og) 0.45 -0.006 (-0.02, 0.01)
Multivariable + BMI 1.00 (ref.) 0.04 (-0.01, 0.08) 0.03 (-0.02, 0.08) -0.009 (-0.06, 0.04) 0.008 (-0.04, 0.08) 0.60 -0.005 (-0.02, 0.01)
Multivariable + BMI & WC 1.00 (ref.) 0.04 (-0.01, 0.08) 0.03 (-0.02, 0.08) -0.01 (-0.06, 0.04) 0.008 (-0.04, 0.08) 0.60 -0.005 (-0.02, 0.01)
AST (U/l), median (iqr) 22 (19, 25) 22 (19, 26) 22 (19, 25) 22 (19, 26) 22 (19, 25) %
Multivariable 1.00 (ref.) 0.02 (-0.01, 0.06) 0.004 (-0.03, 0.04) 0.011 (-0.03, 0.05) 0.015 (-0.02, 0.05) 0.66 0.003 (-0.01, 0.01)
Multivariable + BMI 1.00 (ref.) 0.02 (-0.02, 0.06) 0.004 (-0.03, 0.04) 0.009 (-0.03, 0.04) 0.011 (-0.03, 0.85) 0.80 0.002 (-0.01, 0.01)
Multivariable + BMI & WC 1.00 (ref.) 0.02 (-0.02, 0.06) 0.004 (-0.03, 0.04) 0.009 (-0.03, 0.04) 0.011 (-0.03, 0.08) 0.80 0.002 (-0.01, 0.01)

Abbreviations: igr, interquartile range; GGT, gamma-glutamyl transferase; SES, socio economic status; BMI, body mass index; V\@ waist circumference; ALT,
Alanine transaminase; AST, aspartate-aminotransferase.

Statistical analysis using linear regression; results are expressed as  coefficients and (95% confidence intervals).

]
@
3

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standaﬁj deviation was 1.20 for the

multivariable analyses.

+ Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (\iorklng and not working), education
level (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intakg (kcal/day), total energy
expenditure (kcal/day), and date of dietary assessment.
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ABSTRACT

Objective: The Mediterranean diet has been promoted as a healthy dietary pattern but,
whether the Mediterranean diet may help to prevent hepatic steatosis is not clear. This study
aimed to evaluate the prospective association between adherence to the Mediterranean diet
and risk of hepatic steatosis.

Design: Population-based prospective cohort study.

Setting: The Swiss CoLaus study.

Participants: We evaluated 2288 adults (65.4% women, aged 55.8+10.0 years) without
hepatic steatosis at first follow-up in 2009-2012. Adherence to the Mediterranean diet was
scaled as the Mediterranean diet score (MDS) based on the Mediterranean-diet Pyramid
ascertained with responses to food-frequency questionnaires.

Outcome measures: New onset of hepatic steatosis was ascertained by two indices
separately: the fatty liver index (FLI, >60 points) and the non-alcoholic fatty liver disease
(NAFLD) score (>-0.640 points). Prospective associations between adherence to the
Mediterranean diet and risk of hepatic steatosis were quantified using Poisson regression.
Results: During a mean 5.3-years of follow-up, hepatic steatosis was ascertained in 153
(6.7%) participants by FLI criteria and in 208 (9.1%) by NAFLD-score. After multivariable
adjustment, higher adherence to MDS was associated with lower risk of hepatic steatosis
based on FLI: risk ratio (95% confidence interval) 0.84 (0.73, 0.96) per one standard
deviation of MDS; 0.85 (0.73, 0.99) adjusted for BMI; and 0.85 (0.71, 1.02) adjusted for both
BMI and waist circumference. When using NAFLD-score, no significant association was
found between MDS and risk of hepatic steatosis [0.95 (0.83, 1.09)].

Conclusion: A potential role of the Mediterranean diet in the prevention of hepatic steatosis
is suggested by the inverse association observed between adherence to the Mediterranean diet

and incidence of hepatic steatosis based on the FLI. The inconsistency of this association
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when hepatic steatosis was assessed by NAFLD-score points to the need for accurate

population-level assessment of fatty liver and its physiologic markers.

Keywords: Mediterranean diet; hepatic steatosis; fatty liver disease; prospective study.
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STRENGHTS AND LIMITATION OF THE STUDY

e This study had the benefit of a relatively large sample size and an average of 5.3 years
of follow-up.

e We applied a definition of the Mediterranean diet that has been shown to be valid in a
non-Mediterranean population.

e Our ascertainment of hepatic steatosis was based on two indices that has been
validated for use in large epidemiological studies.

e The precision of the two hepatic steatosis indices used is different and may be

influenced by the presence of steatohepatitis or advanced liver fibrosis.

¢ Generalisability is limited because our findings relate to a single European population.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 54


http://bmjopen.bmj.com/

Page 7 of 54

oNOYTULT D WN =

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

BMJ Open

INTRODUCTION

Hepatic steatosis is the most common cause of liver disease [1]. In westernized
countries, hepatic steatosis affects up to 34% of the general population and up to 74% of
obese individuals, depending on the definition used [2—4]. Hepatic steatosis—fat content of
more than 5% of liver volume—is the first recognizable stage of non-alcoholic fatty liver
disease (NAFLD) [1]. Hepatic steatosis, particularly NAFLD, may progress to end-stage liver
disease including fibrosis, cirrhosis, and hepatocellular carcinoma [5]. Moreover, as hepatic
steatosis increases the risk of metabolic syndrome, type 2 diabetes, and cardiovascular disease
(CVD), its prevention is of public health importance [6]. An unhealthy dietary pattern remains
one of the primary targets of lifestyle modification for the prevention and management of

hepatic steatosis and NAFLD [7,8].

The Mediterranean diet has been recently recommended for treatment of NAFLD [9].
In recent years, a growing body of evidence supports the idea that the Mediterranean diet may
be the reference nutritional profile for the prevention of hepatic steatosis development [10—
12]. Adherence to the Mediterranean diet has been reported to have a beneficial impact on
risks of CVD [13,14], type 2 diabetes [15], and metabolic syndrome [16]. Trial evidence
demonstrated the potential benefits of the Mediterranean diet against progress of hepatic
steatosis focusing on individuals with existing hepatic steatosis, either alone [17-22] or
associated with metabolic risk factors such as obesity or diabetes [22-25]. Research among
those without clinically manifest hepatic steatosis is restricted to observational evidence,
reporting an inverse association that greater adherence to a Mediterranean diet is associated
with lower prevalence of hepatic steatosis [26,27]. However, the cross-sectional design of
these studies limits inference for causal associations and can be used mainly for hypothesis
generation. Relevant longitudinal evidence for the primary prevention of hepatic steatosis or

NAFLD has been reported only by the Framingham Heart Study, with a significant inverse
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association of adherence to the Mediterranean diet with risk of hepatic steatosis in 1521 adults

over 6 years of follow-up [28], but evidence is lacking in Europe.

Given the limited evidence from population-based epidemiological studies thus far, we
aimed to investigate the prospective association between adherence to the Mediterranean diet
and the risk of developing hepatic steatosis among adults without clinically manifest hepatic
steatosis. We hypothesized that greater adherence to the Mediterranean diet would reduce the

risk of hepatic steatosis.

METHODS

Study population

We evaluated participants in the CoLaus study, an ongoing population-based cohort
investigating the clinical, biological, and genetic determinants of CVD in the city of
Lausanne, Switzerland [29]. Inclusion criteria of the recruitment were adults of European
origin, aged 35 to 75 years [29]. There were three study phases: baseline recruitment in 2003-
2006 (n=6733), the first follow-up in 2009-2012 (n=5064), and the second follow-up in 2014-
2017 (n=4881). We conducted dietary assessment at the first follow-up and therefore
considered the first follow-up as the study baseline. Fatty liver index (FLI) and NAFLD-
score, two indices of hepatic steatosis, were available at baseline [27]. If participants met the
joint criterion of FLI > 60 or NAFLD-score > -0.640 at baseline, we excluded them as
prevalent cases (see below) (n=2036). We also excluded participants with missing

information on diet, outcome, and covariates (n=740) (Figure S1).

Patient and public involvement

Patients and/or the public were not involved in the design, conduct, reporting or

dissemination plans of this research.
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Dietary assessment

Participants completed a self-administered, 97-item, semi-quantitative food frequency
questionnaire (FFQ) about their habitual dietary intake over the last four weeks [30], the
validity of which had been assessed in canton Geneva against 24-hour recalls [30,31]. For
each item, participants were instructed to report consumption frequencies by selecting one of
the seven frequency options from “less than once during the last 4 weeks” to “2 or more times

per day” and by selecting a usual serving size (smaller, equal, or bigger to a reference size).

Mediterranean diet scores

We derived the pyramid-based Mediterranean diet score (MDS) as a measure of
adherence to the Mediterranean diet from responses to the FFQ as we conducted previously
[27]. This MDS is based on the Mediterranean Dietary Pyramid proposed by the
Mediterranean Diet Foundation for both Mediterranean and non-Mediterranean countries and
accounting for the traditional Mediterranean diet, contemporary lifestyle, and food
environment [32]. We have previously reported that this MDS scoring algorithm predicted
CVD incidence [33], as well as the prevalence of hepatic steatosis [27] in non-Mediterranean
populations. Briefly, a continuous score of 0 to 1 was assigned for each recommended level of
the 15 components of the pyramid (vegetables, legumes, and fish as healthy items; red meat,
processed meat, potato, and sweets as unhealthy items; and fruits, nuts, cereals, eggs, dairy,
white meat, and alcoholic beverages as items for which moderate consumption was
recommended). The resulting MDS ranges between 0 and 15 on a continuous scale. The MDS
calculation was adjusted to an energy intake of 2000 kcal/d (8.37 MJ/day) by applying a

regression-residual technique for energy adjustment to each food group variable [33,34].

Ascertainment of hepatic steatosis
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Two indices of hepatic steatosis were evaluated: fatty liver index (FLI) [35] and
NAFLD liver fat score [36]. FLI was calculated based on a logistic function including body-
mass index (BMI), waist circumference, fasting triglycerides, and gamma-glutamyl

transferase (GGT) levels as follows:

FLI=1/ (1+e—(0.953 x In (triglycerides) + 0.139 x BMI + 0.718 x In (GGT) + 0.053 x waist circumference - 15.745))

FLIx100 ranges from 0 to 100. Presence of hepatic steatosis was defined by FLI > 60, a value
with a sensitivity of 61% and a specificity of 86% [35]. FLI was tested previously in
comparison to ultrasonography with an area under the receiver operating characteristic curve

of 0.78 (OR 95% CI: 0.77, 0.83) [37].

The NAFLD-score was calculated based on an algorithm including a logistic function
with the presence of metabolic syndrome defined by criteria of International Diabetes
Federation [38], presence of type 2 diabetes, and fasting concentrations of insulin, aspartate-

aminotransferase (AST), and the AST/ alanine transaminase (ALT) ratio:

NAFLD-score=-2.89 + 1.18 x metabolic syndrome (yes/no) + 0.45 x type 2 diabetes (yes /no) + 0.15

x fasting-insulin (mU/L) + 0.04 X fasting-AST (U/L) - 0.94 x AST/ALT

Presence of hepatic steatosis was defined by a NAFLD-score > -0.640, a value with a
sensitivity of 86% and a specificity of 71%, when compared to proton magnetic resonance

imaging [36].

Assessment of covariates at baseline

Sociodemographic, lifestyle and health characteristics were collected by self-
administered questionnaires. Age, sex, marital status, occupational status, and educational
level were included as indicators of sociodemographic condition. Smoking status was

classified as ‘never’, ‘former’, and ‘current’. Alcohol consumption was assessed by the
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number of alcoholic beverage units consumed in the past week and further categorized as
‘abstainers’ (0 unit/week), ‘moderate’ (1-21 units/week for men, 1-14 for women), and
‘heavy’ (>21 units/week for men, >14 for women) drinkers (one unit corresponds to 8 g of
alcohol). Physical activity was assessed with a self-administered quantitative physical activity
frequency questionnaire [39]. Health characteristics included presence of metabolic syndrome
and family history of diabetes. Anthropometric and blood pressure measurements were
obtained using standard procedures and equipment as previously described [29]. Plasma
triglycerides, high-density lipoprotein cholesterol, and glucose were measured using standard
enzymatic methods and ALT, AST, and GGT were measured using reference methods as

standardized by the International Federation of Clinical Chemistry.

Statistical analysis

Statistical analyses were performed using Stata (version 15; StataCorp, College
Station, TX, USA) with a two-sided test with a=0.05. Descriptive statistics were obtained in
the participants included in this study in comparison to those excluded from this study.
Cohen’s kappa statistics were calculated to assess the agreement between the FLI and

NAFLD-score.

MDS as a measure of adherence to the Mediterranean diet was evaluated both
categorically (quintiles) and continuously scaled as one SD unit. The association of MDS with
the risk of hepatic steatosis was assessed using multivariable-adjusted Poisson regression
models with robust standard errors and estimating risk ratios (RRs) and 95% confidence
intervals (Cls). Models were adjusted for age, sex, marital status, occupational status,
educational level, smoking status, energy intake, total energy expenditure, and date of dietary
assessment (to adjust for seasonality). We further adjusted for BMI and waist circumference
as potential confounders or factors on the causal pathway to assess the possible impact of

10
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overall and central adiposity on the association of the Mediterranean diet and hepatic

steatosis.

Additionally, we also adjusted for changes in BMI categories between baseline and
follow-up; for alcohol consumption (units/week); for clinical variables of metabolic risk
[blood pressure >130/85 mm Hg (yes/no), triglycerides >1.7 mmol/L (yes/no), high-density
lipoprotein level <1.29 mmol/L for men and <1.03 mmol/L for women (yes/no), and glucose
level >5.6 mmol/L (yes/no)] [38]; and for family history of diabetes and metabolic syndrome

(only for FLI) to examine their influence on the association of interest.

Possible interactions between MDS and age, sex, BMI, and alcohol consumption were
tested using the Wald test. Several sensitivity analyses were conducted to examine the
robustness of the observed findings. First, to assess the role of alcohol consumption (as
alcohol is a risk factor for fatty liver accumulation), we excluded the alcohol component from
the MDS, while adjusting for alcohol consumption as a covariate. We took the same
approaches for the other MDS components to assess the impact of each component on the
observed associations. Second, we conducted separate analyses after excluding participants
with BMI>30 kg/m?; implausible energy intake (<500 or >3500 kcal/day in women and <800
or >4000 kcal/day in men); excessive alcohol consumption; prevalent diabetes (defined as
glycated haemoglobin>48 mmol/mol, or fasting plasma glucose >7.0 mmol/L, or use of
hypoglycaemic drugs or insulin); or probable secondary causes of hepatic steatosis such as
hepatitis B or C, HIV, hepatotoxic, or autoimmune disease medications. We evaluated the
robustness of the results to an alternative definition of prevalent hepatic steatosis. While we
excluded participants with prevalent hepatic steatosis using the specified cut-offs of FLI or
NAFLD-score in the primary analysis, we used each of the two indices separately in

sensitivity analyses, whereby we evaluated 2652 adults in longitudinal analysis based on FLI;

11
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and 2568 adults, based on NAFLD. Finally, we used more restrictive cutpoints and excluded

participants with NAFLD-score >-0.640 or with FLI>30.

In a post-hoc analysis, due to inconsistency of the associations observed for FLI and
NAFLD-score, we also calculated the hepatic steatosis index (HSI) [40] based on the ratio of

AST/ALT, BMI, presence of type 2 diabetes, and sex:

HSI=8*AST/ALT + BMI + 2 (presence of diabetes) + 2 (if women)

Presence of hepatic steatosis was defined by a HSI>36. After excluding participants with

HSI>36 at baseline (n=2674), we evaluated 2351 adults.

In a post-hoc analysis pertaining to sensitivity of the results to model covariates and
for better understanding of potential mechanisms, longitudinal associations of MDS with
follow-up measures of log-transformed GGT, ALT, and AST levels and with changes in BMI
and waist circumference from baseline to follow-up were examined using multivariable-
adjusted linear regression. These results were expressed as  coefficient (95% Cls) for

changes in each measure per 1-SD difference in MDS.

RESULTS

Participant characteristics

Of the initial 5064 participants, 2776 (54.8%) were excluded, leaving 2288
participants (65.4% women; 55.8+10.0 years) for analysis. Participants included were more
likely to be women, show higher sociodemographic characteristics and lower BMI, waist
circumference, liver enzymes, or prevalence of metabolic syndrome in comparison to
excluded individuals (Table S1). Being in the highest quintile of MDS was higher among

women compared to men, positively correlated with sociodemographic characteristics, and

12
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negatively correlated with being current smokers, heavy alcohol drinkers, and with BMI,

waist circumference, GGT, and TG (Table 1).

Adherence to the Mediterranean diet and risk of hepatic steatosis

After a mean 5.3 (SD: 0.5) years of follow-up, there were 153 (6.7%) and 208 (9.1%)
participants with hepatic steatosis based on FLI and NAFLD-score, respectively (Table S2).

Case identification by FLI and NAFLD-score was modestly concordant (kappa=0.60).

Multivariable-adjusted analysis showed an inverse association between MDS quintiles
and risk of hepatic steatosis based on FLI (pgeng<0.006) with RR (95% CI) comparing the top
to the bottom category of 0.50 (0.28, 0.91). The inverse associations across quintiles of MDS
weakened after adjustment for BMI (peng=0.031) or both BMI and waist circumference
(Ptrena=0.034) (Table 2): RR (95% CI)=0.61 (0.34, 1.09) and 0.60 (0.34, 1.08), respectively.
In analyses using MDS as a continuous variable, the inverse association with risk of hepatic
steatosis based on FLI [RR 0.84 (0.73, 0.96) per one SD of MDS] remained unchanged but
getting imprecise after adjustment for BMI [RR 0.85 (0.73, 0.99)] and adjustment for both
BMI and waist circumference [0.85 (0.71, 1.02)]. In sensitivity analysis, the magnitude of the
inverse associations little changed after further adjustment for alcohol consumption, presence
of metabolic syndrome, changes in BMI categories or clinical variables (medication use or
prevalent diseases), while adjustment for BMI and clinical variables increased standard errors

(Table S3).

Conversely, there was no association between MDS and the risk of hepatic steatosis
defined by NAFLD-score criteria, with RRs (95% Cls) ranging from 0.93 (0.82, 1.05) to 1.00

(0.86, 1.17) over different regression models (Table 2 and Table S3).

Interaction and sensitivity analyses

13
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No significant interactions were found between MDS and age, sex, BMI, or alcohol
consumption on risk of hepatic steatosis (Pinteraction=>0.05; results not shown). The contribution
of each component of the MDS on risk of hepatic steatosis was assessed by sequential
subtraction of components from the score (Figure 1). Excluding the components of the MDS
did not substantially affect the inverse associations with hepatic steatosis based on FLI; the
magnitude of the associations remained reasonably stable, but it became weaker (p>0.05)

after excluding fruits, cereals, dairy products, red or processed meat, or alcohol.

In sensitivity analyses, when excluding the alcohol component from the MDS but
adjusting for alcohol consumption as a covariate, the inverse associations between MDS and
risk of hepatic steatosis based on FLI became weaker (Table S4). The primary results were
not different when excluding participants with BMI>30 kg/m?, excessive alcohol
consumption, or secondary causes of hepatic steatosis (Table S4). Excluding participants with
implausible energy intakes weakened the associations (Table S4). The analysis of an
alternative definition of prevalent hepatic steatosis, excluding participants with only high FLI
score at baseline, did not alter the significant inverse association between MDS and risk of
FLI-based hepatic steatosis (Table S5). In post-hoc analyses, there was an inverse association
between MDS quintiles and risk of hepatic steatosis based on HSI (pyeng=0.070) with RR
(95% CI) comparing the top to the bottom category of 0.70 (0.55, 0.91); a significant inverse
association with HSI was observed per one SD increase in MDS [RR 0.90 (0.82, 0.98)]
(Table S5). Effect sizes were of slightly higher magnitude when excluding those with FLI>30
or NAFLD-score>-0.640 at baseline, but CIs were wider due to smaller sample size (Table

S6).

For NAFLD-score, no significant associations were found in any of the sensitivity
analyses (Tables S4 and S5). The sole exception was when participants with a high NAFLD-

score at baseline were excluded, where an inverse association between MDS quintiles and risk
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of hepatic steatosis was present (pyeng=0.039), but this association was attenuated to the null

after adjustment for BMI (Table S5).

Longitudinal analyses for adiposity and markers of hepatic function

In post-hoc exploratory analyses there were inverse associations of MDS with changes
in BMI [B coefficient (95% CIs) per one SD higher MDS of -0.08 (-0.15, -0.02)] and in waist
circumference [-0.33 (-0.61, -0.06)] (Table S7). For the markers of hepatic function, MDS
showed a trend toward inverse association with GGT levels (pyeng=0.047) [B coefficient (95%
CIs) per one SD higher MDS of -1.66 (-3.73, 0.41)], but not with ALT or AST levels (Table

S8).

DISCUSSION

In this first population-based European study among adults free from clinically
manifest hepatic steatosis to report on the prospective association between adherence to the
Mediterranean diet and risk of hepatic steatosis, we found an inverse association between
MDS and risk of hepatic steatosis based on FLI criteria. This relationship was attenuated to
the null when controlled for general and central adiposity assessed by the BMI and waist
circumference. In contrast, there was no association between adherence to the Mediterrancan

diet and risk of hepatic steatosis based on NAFLD-score criteria.

Current findings in context of other evidence

Our finding based on FLI is consistent with the only published prospective study
relating the Mediterranean diet to hepatic steatosis, where each SD increase in MDS was
estimated to decrease the odds for incident hepatic steatosis by 26% (95% CI 10%-39%) [28].
By contrast, the point estimate of the effect size in our study was smaller [(16% (95% CI 4%-
27%)]. A possible explanation partly lies in methodological differences. We used biochemical
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and anthropometric markers to estimate hepatic steatosis in the current study, while the

previous study used computed tomography assessment.

No association was found between adherence to the Mediterranean diet and risk of
hepatic steatosis based on the NAFLD-score. For possible explanations based on the
differences in their components, the FLI includes GGT, while NAFLD-score includes AST
and AST/ALT ratio; the FLI includes adiposity markers, while the NAFLD-score does not;
the FLI includes a lipid marker (triglycerides) while NAFLD-score includes markers of
glycaemic status. Previous studies showed a modest association of GGT and ALT (but not
AST) with the prevalence of hepatic steatosis [1]. Indeed, our analysis showed an inverse
association between MDS and GGT levels, but not with AST or ALT, and these findings
could explain the discrepancy between the two indices. Notably, our sensitivity analyses using
different definitions of hepatic steatosis showed an inverse association between MDS
quintiles and risk of hepatic steatosis based on NAFLD-score after excluding participants with
high baseline NAFLD-score only. This could be explained by modest concordance between
the two measures. Of note, there were no statistically significant associations between MDS
and risk of hepatic steatosis based on FLI after excluding participants with FLI>30 at
baseline, which led to a smaller sample size and consequently a lower statistical power in our
study. In a post-hoc analysis, we found an inverse association between adherence to the
Mediterranean diet and hepatic steatosis as assessed by HSI, an alternative score to detect
hepatic steatosis. Although, case identification by HSI and FLI (kappa=0.27) or NAFLD-
score (Kappa=0.18) was weakly concordant; our finding based on FLI is consistent with HSI.
This could be explained potentially by BMI as one of the components of both FLI and HSI,

highlighting the importance of obesity for incident hepatic steatosis [41].

The inverse association between MDS and risk of hepatic steatosis defined by FLI

remained significant after adjusting for BMI only but became imprecise and not significant
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after adjusting for both BMI and waist circumference or for changes in BMI over the follow-
up period. These results suggest the collinearity between the central adiposity and hepatic
steatosis as the central adiposity may partly reflect hepatic steatosis. This biologically
plausible finding is in agreement with previous cross-sectional findings for MDS and
prevalent hepatic steatosis in CoLaus study and the British Fenland Study we reported [27]
and a study in Hong Kong [42]. Our finding that the MDS was negatively associated with an
increase in BMI after 5.3 years of follow-up is consistent with the findings from the
Framingham Heart Study which observed the same trend over 6-year follow-up [28]; and
from Nurses’ Health Study and Health Professionals’ Follow-up Study evaluating 20-year

longitudinal data with repeated self-reported measures of diet and adiposity measures [43].

Sequential subtraction of different components of the MDS showed that fruits, cereals,
dairy products, red or processed meat, or alcohol partially accounted for the observed
association. These findings agree with previous studies [26,28,44,45] including the
Framingham Heart Study suggesting benefits of low consumption of red meat and high
consumption of fruits or whole grains [28]; and a cross-sectional analysis from the
PREDIMED study suggesting the benefit of low consumption of red meat [26]. Moreover, the
Mediterranean diet is characterized by a moderate-to-high consumption of whole grains,

which has been inversely associated with the likelihood of having NAFLD [46].

Possible mechanisms and implications

Hepatic steatosis is associated with a number of metabolic risk factors including
insulin resistance, type 2 diabetes, dyslipidaemia, metabolic syndrome, and oxidative stress
[47]. Mediterranean-diet associated phenolic compounds (phenolic acids and polyphenols)
found in fruits and vegetables and high levels of monounsaturated fatty acids of olive oil have
been shown to inhibit de novo lipogenesis, improve peripheral insulin sensitivity, and reduce

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 54


http://bmjopen.bmj.com/

Page 19 of 54

oNOYTULT D WN =

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

BMJ Open

cardiovascular risk mainly due to their antioxidant, anti-inflammatory, and anti-fibrotic
effects [18,48—51]. Moreover, different components of the Mediterranean diet, including
omega 3 polyunsaturated fatty acids (PUFA), fibre, and antioxidant rich-foods, are inversely
associated with hepatic steatosis [52,53]. One meta-analysis of interventional studies reported
that omega-3 PUFA were negatively associated with hepatic steatosis [54]. The
Mediterranean diet is also low in saturated fat, which has been demonstrated to increase
hepatic triglycerides content and hepatic insulin resistance [55,56]. Finally, the high fibre

content of the Mediterranean diet has been associated with reduced hepatic fat [18,52].

Hepatic steatosis is associated with cardiometabolic diseases and substantially impacts
public health [13,15,16]. Thus, our finding of an inverse association between adherence to the
Mediterranean diet and risk of hepatic steatosis would support the importance of dietary
advice for the prevention of hepatic steatosis as well as its treatment. However, future work
should confirm whether or not the clinical importance of the Mediterranean diet for the

prevention of hepatic steatosis is independent of obesity or central adiposity.

Strengths and limitations

To our knowledge, this is the first European prospective study assessing the
association between the Mediterranean diet and risk of hepatic steatosis. The study had the
benefit of a relatively large sample size and an average of 5.3 years of follow-up, and applied
a definition of the Mediterranean diet that has been shown to be valid in a non-Mediterranean

population [33].

Several limitations of this study merit consideration. Measurement error and recall
bias are inevitable when using self-reported dietary instruments, limiting the ability to
precisely measure adherence to the Mediterranean diet, although adjustment for energy intake

may have reduced the magnitude of measurement error [57]. We used diet data measured only
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at baseline but recognise that intra-individual variation over time might be present which
would be expected to weaken the observed associations and hence our findings may be biased
towards the null. However, in CoLaus, average change in estimated total energy intake from
first to second follow-up was 51 kcal/day and changes for each macronutrient (expressed as %
of total energy intake) were about 1% (data not shown). Thus, dietary intake in CoLaus was
relatively stable, suggesting that the lack of availability of repeat dietary measures is unlikely

to alter our findings substantially.

Our ascertainment of hepatic steatosis was based on two indices, but not on liver
biopsy or direct imaging assessment; hence, information bias (misdiagnosis) cannot be ruled
out. Although liver biopsy is the gold standard for diagnosing hepatic steatosis, its use in
apparently healthy participants would be unethical and unfeasible in a large population-based
study. Further, previous studies have shown that FLI and NAFLD-score can accurately
identify hepatic steatosis with good sensitivity and specificity, and these scores have been
validated for use in large epidemiological studies [36,37,58,59]. But, although both FLI and
NAFLD-score can indicate hepatic steatosis, their precision is variable [60]. Moreover,
presence of steatohepatitis or advanced liver fibrosis could influence the relationship of FLI or
NAFLD-score with hepatic steatosis [61]. Of note, our study was not designed to assess the

role of adherence to the Mediterranean diet in hepatic fibrosis.

Although we adjusted for many relevant confounders and performed a series of
sensitivity analyses, we cannot rule out residual confounding due to unmeasured variables or
covariates measured with error. Generalisability is limited because included participants
seemed to be healthier than those excluded, and our findings were obtained in a single
European population. Still, they confirm the findings from a previous prospective study

conducted in the US [28], and might serve as a reference for other studies.
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Conclusion

Adherence to the Mediterranean diet was inversely associated with risk of hepatic
steatosis based on the FLI, and the association was independent of several known risk factors.
Conversely, the association was not observed when using different criteria specifying the
NAFLD-score. These findings support recommendations on following the Mediterranean diet
for hepatic steatosis prevention in addition to the existing evidence for its benefit for
cardiovascular disease prevention. Nonetheless, the findings also highlight the need for
further research with more accurate measures of hepatic steatosis to replicate these findings in

different populations and settings.
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ABBREVIATIONS
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TG, triglyceride; GGT, gamma-glutamyl transferase; AST, aspartate-aminotransferase; ALT,

alanine transaminase; PUFA, polyunsaturated fatty acids.
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Figure S1 Sample selection flow chart.

Table S1 Characteristics of the participants included and excluded from the analysis, CoLaus
study, Switzerland.

Table S2 Baseline characteristics of the participants according to the risk of hepatic steatosis,
defined by the fatty liver index or the NAFLD-score, CoLaus study, Switzerland.

Table S3 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland: assessment of influence of other potential covariates.
Table S4 Sensitivity analyses for the association of the Mediterranean diet score with the risk
of hepatic steatosis, CoLaus study, Switzerland.

Table S5 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland: sensitivity analysis while excluding participants with
only one of the indices high at baseline and using hepatic steatosis index as an alternative
score.

Table S6 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland (n=1632). Sensitivity analysis after excluding
participants with either indices high (using FLI>30 instead of FLI>60).

Table S7 Association of the Mediterranean diet score with change in BMI and waist
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Table S8 Association of the Mediterranean diet score with GGT, ALT, and AST, CoLaus

study, Switzerland.

23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 54


http://bmjopen.bmj.com/

Page 25 of 54

oNOYTULT D WN =

BMJ Open

Figure caption
Figure 1 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland (n=2288): sensitivity analysis to examine influence of

each component of Mediterranean diet.

Abbreviations: FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease.

Statistical analysis using Poisson regression with robust standard errors; results are expressed
as risk ratios and (95% confidence intervals).

Risk ratio (RR) and 95% confidence intervals (CI) were estimated per one standard deviation
of MDS (overall association) or of each MDS computed after excluding one component.

* Adjusted for age (years), sex, marital status (single, married/cohabiting, and
widowed/Separated/divorced), occupational status (working and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never,
former, and current), energy intake (kcal/day), total energy expenditure (kcal/day), and date of

dietary assessment.
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Table 1 Baseline characteristics of participants according to quintiles of the Mediterranean diet score, CoLaus

study, Switzerland (n=2,288).

Quintiles of Mediterranean diet score*

Characteristic Q1 Q2 Q3 Q4 Q5 P-value*
(n=458) (n=458) (n=457) (n=458) (n=457)

Age (years) 57.1£10.6  56.749.9  56.4£10.5 5549.8 53.748.9 <0.001
Women (%) 59.0 62.9 67.6 66.6 71.1 0.001
Marital status (%) 0.51

Single 17.7 14.2 16.8 17.5 16.4

Married/cohabitant 53.9 55.7 59.1 57.2 57.3

Widowed/separated/div

28.4 30.1 24.1 253 26.3

orced
Employed (%) 57.9 60.3 59.1 68.3 72.0 <0.001
Education (%)

University 19.2 21.6 26.0 31.7 31.1

High school 26.4 28.2 28.4 29.7 29.5

Apprenticeship 39.3 352 34.8 28.2 28.4

Mandatory education 15.1 15.1 10.7 10.5 10.9 <0.001
Current smokers (%) 24.7 21.8 22.3 16.2 15.5 0.014
Alcohol intake (%)

Abstainers 21.8 24.0 25.8 24.7 21.2

Moderate 63.8 66.2 69.4 70.7 76.6

Heavy 14.4 9.8 4.8 4.6 22 <0.001
Total energy intake

1819+£705 18124675  1781+729 1821653  1801+595 0.87
(kcal/day)
Protein (%energy) 15.843.3 15.9+4.1 15.34£3.0 15.243.0 14.742.6 <0.001
Carbohydrates (%oenergy)  45.3+9.2 45.9+9.1 47.3+8.0 47.6+8.2 49.0+7.8 <0.001
Fat (%energy) 33.6+6.5 34.5+6.9 34.6+6.7 34.5+6.5 34.1+6.9 0.11
TEE (kcal/day) 25624589  2600+618  2564+602  2558+555  2589+565 0.84
Metabolic syndrome (%)} 11.8 9.8 12.3 12.7 7.4 0.063
32
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BMI (kg/m?) 24.0+2.7 23.8+2.9 23.9+3.0 23.6+2.8 23.342.7 0.003

Waist circumference (cm)  85.448.5 84.9+9.4 85.0+9.2 84.0+8.7 82.9+8.6 <0.001

Triglycerides (mmol/l) 1.1+£0.5 1.0£0.5 1.1£0.5 1.0+0.5 1.0+0.5

median (iqr) 1.0 (0.8, 1.3) 0.9 (0.7,1.2) 1.0 (0.7, 1.3) 0.9 (0.7, 1.2) 0.9 (0.7,1.2)  0.009
GGT (UN) 25.0£16.5 25.1+£17.9  23.2+14.5 24.0+¢17.9 21.5¢12.1 0.002

median (iqr) 20 (15,29) 21(15,28) 19(14,28) 19 (14,26) 18(14,25)

=50 (%) 7.4 6.3 5.7 6.1 2.6 0.025
ALT (U/) 21.3+7.8 22.1+8.9 22.549.7 21.3+8.7 21.5+8.7 0.12

median (iqr) 19 (16,25) 20(16,26) 20(16,27) 19 (16,25) 20(16,24)

240 (%) 3.5 5.4 8.3 4.6 3.5 0.005
AST (U/D) 26.0£5.85  26.2+6.5 26.1+6.6 25.8+6.1 25.745.7 0.68

median (iqr) 25(22,29) 25(22,29) 25(21,29) 25(22,29) 25(22,29)

>37 (%) 4.1 8.3 6.3 5.0 4.4 0.038

Abbreviations: TEE, total energy expenditure; BMI, body mass index; iqr, interquartile range; GGT, gamma-
glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

* The population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score. P-values
were computed by using ANOVA for continuous variables and Chi-square test for categorical variables.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

I Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130 mm
Hg or diastolic blood pressure >85 mm Hg or treatment for previously diagnosed hypertension; and fasting

plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes).
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Table 2 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland (n=2,¢88).
o
Risk ratio (95% CI) across quintiles of Mediterranean diet score* % Risk ratio
v
4 P-trend (95% CI)
Ql Q2 3 Q4 Q3
8 Per SD increase*
N
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-@.1
v}
N total 458 458 457 458 452
=]
o
Fatty liver index, median (iqr)} 21.8(10.4,37.7)  20.4(9.0,39.4) 18.5(8.9,34.6) 18.1(7.7,33.1) 14.2(6.628.5)
@
o
N cases (score>60) 36 43 35 22 18
3
Unadjusted 1.00 (ref.) 1.19 (0.78,1.82) 0.97 (0.62,1.52) 0.61(0.37,1.02) 0.47 (0.2%, 0.83) 0.001 0.79 (0.70, 0.90)
Multivariable § 1.00 (ref.) 1.11 (0.72,1.72) 1.07 (0.68, 1.66) 0.71 (0.42,1.22) 0.50 (0.2_§? 0.91) 0.006 0.84 (0.73, 0.96)
o
]
Multivariable + BMI 1.00 (ref.) 1.12(0.73,1.71)  0.90 (0.58, 1.39)  0.74 (0.44, 1.24)  0.61 (0.33, 1.09) 0.031 0.85(0.73, 0.99)
(o
3
Multivariable + BMI + WC 1.00 (ref.) 1.07 (0.70, 1.64)  0.90 (0.59,1.37) 0.74 (0.44,1.26) 0.60 (0.3@; 1.08) 0.034 0.85(0.71, 1.02)
3
o
=]
>
NAFLD-score, median (iqr)§ -2.1(-2.4,-1.5) 2.0(-2.4,-1.4)  -2.0(-24,-1.3) -2.1(-2.5,-1.5) -2.1(-28-1.6)
[y
N cases (score>-0.640) 41 46 51 38 372
o
N
Unadjusted 1.00 (ref.) 1.12 (0.75,1.67) 1.25(0.84,1.84) 0.93(0.61,1.41) 0.78 (0.5§, 1.22) 0.17 0.93 (0.82, 1.05)
«Q
Multivariable § 1.00 (ref.) 1.13(0.75,1.70) 1.26 (0.85,1.87) 1.01 (0.65,1.56) 0.80 (O.SE, 1.28) 0.28 0.95 (0.83, 1.09)
Multivariable + BMI 1.00 (ref.) 1.17(0.78, 1.75) 1.17(0.80,1.71) 1.07 (0.69, 1.65) 0.95 (0.6§’, 1.52) 0.71 0.99 (0.86, 1.15)
5]
Multivariable + BMI + WC 1.00 (ref.) 1.12 (0.75,1.67) 1.17 (0.80,1.72) 1.07 (0.70, 1.65) 0.96 (0.6§_, 1.53) 0.80 1.00 (0.86, 1.17)

Aa

Abbreviations: iqr, interquartile range; BMI, body mass index; WC, waist circumference; NAFLD, non-alcoholic fatty liver diseasg,
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Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence ir§ervals).

0]

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standafg’i deviation was 1.20 for the multivariable
analyses.

1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase.

Z laquiaoag z

1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (@)rking and not working), education level
v
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcg/day), total energy expenditure (kcal/day),

and date of dietary assessment.

papeoju

§ Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasting serum insulin, fasting serum aspartate-

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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1
2
3
4
5
6
7 . - .
8 FLI, unadjusted model FLI, multivariable adjusted model*
9 RR (95% CI) RR (95% CT)
‘IO Overall association o 0.79(0.68, 0.92) 0.84(0.71,0.99)
Minus vegetables o 0.79(0.68, 0.92) L 0.83(0.70,0.98)
1 Minus legumes 4 ot 0.76 (0.6, 0.89) ot 0.81(068,095)
12 Minus fruits - o 0.82 (0.70, 0.95) 0.86 (0.72,1.02)
13 Minus cereals - o 0.79 (0.68, 0.92) 0.85(0.72,1.01)
Minus dairy - —o— 0.81(0.70, 0.95) 0.86(0.73,1.02)
14 Minus fish 4 o 0.80 (0.68, 0.93) 0.84(0.71, 0.99)
15 Minus red meat - o 0.82 (0.70, 0.95) 0.86(0.73,1.02)
Minus processed meat | —0— 0.84 (0.72,0.97) 0.88 (0.74, 1.04)
16 Minus white meat - ot 0.78 (0.67, 0.91) o 0.82(0.70, 0.97)
17 Minus eggs 1 o= 0.79 (0.68, 0.92) 0.83 (0.70, 0.98)
Minus potatoes - o 0.78 (0.67,0.91) 0.83(0.71,0.99)
1 8 Minus sweets - o=t 0.78 (0.67, 0.91) 0.83(0.70,0.98)
‘|9 Minus alcohol 0= 0.84 (0.72,0.97) 0.88 (0.74, 1.04)
20 Minus olive oil - = =] 0.78 (0.67,0.91) 0.83(0.70,0.98)
1 2 0 1 2
21 RR (95% CI) RR (95% CI)
-score, unadjusted mode -score, multivariable adjusted mode
22 NAFLD djusted model NAFLD Itivariable adjusted model*
23
24 RR (95% CT) RR (95% CT)
25 Overall association 0.93 (0.81, 1.06) =0 0.95(0.82, 1.10)
26 Minus vegetables 0.93 (0.81, 1.06) o 0.94 (0.81,1.08)
Minus legumes - 0.94 (0.82, 1.08) o 0.96 (0.83, 1.11)
27 Minus fruits 0.92 (0.80, 1.05) o+ 0.95 (0.82, 1.10)
28 Minus cereals - 0.92 (0.80, 1.05) Ot 0.94 (0.81, 1.09)
Minus dairy - 0.93 (0.81, 1.06) ot 0.95(0.82, 1.10)
29 Minus fish - 0.93(0.81, 1.07) o1 0.95 (0.82, 1.10)
30 Minus red meat - ’ 0.99(0.87,1.14) - 1.03(0.89, 1.20)
Minus processed meat | o 094 (0.82,1.07) o 0.95(0.83,1.10)
31 Minus white meat - 0.94 (0.82, 1.08) o= 0.97 (0.84,1.12)
32 Minus eggs 0.92(0.81, 1.08) i 0.95(0.82, 1.09)
33 Minus potatoes - 0.90(0.79, 1.03) o 0.92 (0.80, 1.07)
Minus sweets | 0.93(0.81, 1.06) L 0.95(0.82, 1.10)
34 Minus alcohol 0.94 (0.82, 1.07) =0 0.95(0.83,1.10)
35 Minus olive oil - 5 - 3 0.95 (0.83, 1.08) B *-01-4 3 0.97 (0.84,1.12)
36 RR (95%CT) RR (95% CI)
37
38
39 Figure 1 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus
40 study, Switzerland (n=2288): sensitivity analysis to examine influence of each component of Mediterranean
41 diet.
42 Abbreviations: FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease.
43 Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios
44 and (95% confidence intervals).
45 Risk ratio (RR) and 95% confidence intervals (CI) were estimated per one standard deviation of MDS
46 (overall association) or of each MDS computed after excluding one component.
47 * Adjusted for age (years), sex, marital status (single, married/cohabiting, and
widowed/Separated/divorced), occupational status (working and not working), education level (university,
48 high school, apprenticeship, and mandatory education), smoking status (never, former, and current),
49 energy intake (kcal/day), total energy expenditure (kcal/day), and date of dietary assessment.
50
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Figure S1 Sample selection flow chart.

Total original sample (n=5064)

Prevalent hepatic steatosis, either scores high
(n=2036, 40.2%)*

\4

A\ 4

Missing dietary data (n=234, 4.62%)

Missing covariate data or outcome data
(n=506, 10.0%)

A 4

Total analytic sample (n=2288, 45.2%)

* Prevalent hepatic steatosis was defined as having either fatty liver index> 60 OR non-alcoholic fatty liver
disease fatty liver score> -0.640.
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Table S1 Characteristics of the participants included and excluded from the analysis, CoLaus study,
Switzerland.

Included Excluded

*
Characteristic (n=2288) (n=2776) P-value
Age, years 55.8+£10.0 59.4+10.6 <0.001
Women (%) 65.4 43.6 <0.001
Marital status (%)t 0.038
Single 16.5 14.0
Married/cohabiting 56.6 57.4
Widowed/separated/divorced 26.8 28.6
Employed (%) 63.5 50.4 <0.001
Education (%)} <0.001
University 25.9 175
High school 285 23.6
Apprenticeship 33.2 374
Mandatory education 125 214
Current smoker (%) 20.1 23.1 <0.001
Alcohol consumption (%)71 <0.001
Abstainers 235 26.8
Moderate 69.3 63.3
Heavy 7.2 9.9
Total energy intake (kcal/d) 18074673 18531784 0.033
Total protein (% energy) 15.4+3.3 15.6+3.5 0.015
Total carbohydrate (% energy) 47.0+8.6 45.4+9.1 <0.001
Total fat (% energy) 34.316.7 34.4+6.9 0.54
TEE (kcal/d) 2575586 2790+669 <0.001
Metabolic syndrome (%)8§ 10.8 60.9 <0.001
BMI (kg/m?) 23.742.8 28.3+4.8 <0.001
Waist circumference (cm) 84.448.9 98.3112.5 <0.001
Triglycerides (mmol/l) 1.0£0.5 1.6£1.1 <0.001
median (iqr) 0.9(0.7,1.2) 1.4 (1.0, 2.0)
GGT (U/l) 23.8+16.0 48.8+60.8 <0.001
median (iqr) 19 (14, 27) 32 (21, 53)
>50 (%) 5.6 27.5 <0.001
ALT (U/l) 21.848.8 32.5+20.7 <0.001
median (iqr) 20 (16, 25) 27 (20, 38)
>40 (%) 5.0 23.3 <0.001
AST (U/) 25.9+6.2 31.6+14.1 <0.001
median (iqr) 25 (22, 29) 28 (24, 34)
>37 (%) 5.6 204 <0.001

Abbreviations: TEE, total energy expenditure; BMI, body mass index; igr, interquartile range; GGT, gamma-
glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Data are mean + SD for continuous variables or percent for categorical variables, unless otherwise stated.

* P-value calculated using Chi-square test for categorical variables and student’s t-test for continuous variables.
+ Due to some missing data, percentages do not always add to 100%.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

§ Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130
mmHg or diastolic blood pressure >85 mmHg or treatment for previously diagnosed hypertension; and fasting
plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes).
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Table S2 Baseline characteristics of the participants according to the risk of hepatic steatosis defined by the
fatty liver index or the NAFLD-score, CoLaus study, Switzerland.

Page 42 of 54

Risk of hepatic steatosis

FLI NAFLD-score
No Yes P-value* No Yes P-value*
Characteristic (n=2135) (n=153) (n=2080) (n=208)
Age, years 55.8+10.1 54.9+9.5 0.29 55.6+10 57.7+£10.1 0.003
Women (%) 66.8 458 <0.001 66.7 52.9 <0.001
Marital status (%) 0.86 0.79
Single 16.6 15.0 16.7 14.9
Married/cohabiting 56.5 58.2 56.5 58.2
Widowed/Separated/divorced 26.8 26.8 26.8 26.9
Employed (%) 63.3 66.0 0.50 64.5 53.8 0.002
Education (%)t 0.013 0.33
University 26.7 15.0 26.4 20.7
High school 28.3 30.1 28.3 29.8
Apprenticeship 32.6 40.5 32.8 36.5
Mandatory education 12.3 144 124 13.0
Current smoker (%) 19.7 255 0.006 20.3 17.8 0.52
Alcohol consumption (%)1% 0.15 0.001
Abstainers 233 26.1 225 33.7
Moderate 69.7 63.4 70.4 58.7
Heavy 6.9 105 7.1 7.7
Total energy intake (kcal/d) 18004655 19064879 0.062 17944654 19384833 0.003
Protein (% energy) 15.3+3.1 16.1+5.0 0.006 15.3+3.2 16.0+4.1 0.006
Carbohydrate (% energy) 47.1+8.5 45.6+10.1 0.037 47.0£8.5 46.5+9.5 0.36
Fat (% energy) 34.3+6.7 33.8+7.2 0.37 34.2+6.7 34.4+6.6 0.69
TEE (kcal/d) 25524572 29124677 <0.001 25624582 26994616 0.002
Metabolic syndrome (%)8 9.9 229 <0.001 9.8 21.2 <0.001
BMI (kg/m?) 23.5+2.7 26.8+2.6 <0.001 23.5+2.8 26.0+2.5 <0.001
Waist circumference (cm) 83.848.7 93.4+7.0 <0.001 83.7£8.7 92.0+7.4 <0.001
Triglycerides (mmol/l) 1.0£0.5 1.2+0.5 <0.001 1.0+0.5 1.2+0.5 <0.001
median (igr) 09(0.7,1.2) 1.1(0.7,1.2) 0.9(0.7,1.2) 1.1(0.8,1.4)
GGT (U/) 23.1+15.2 32.4+22.2 <0.001 23.3+15.4 28.1+20.6 <0.001
median (igr) 19 (14, 26) 26 (18, 40) 19 (14, 26) 22 (15, 34)
>50 (%) 4.9 15.0 <0.001 5.3 9.1 0.022
ALT (U/1) 21.6+8.8 23.5+8.9 0.013 21.3+8.4 26.0+11.6 <0.001
median (iqr) 19 (16, 25) 21 (17, 28) 19 (16, 25) 23 (18, 30)
>40 (%) 5.0 5.9 0.63 4.5 10.6 <0.001
AST (U/l) 25.9+6.2 26.316.3 0.50 25.9+6.2 26.916.2 0.026
median (igr) 25 (22, 29) 25 (22, 29) 25 (22, 29) 26 (22, 30)
>37 (%) 5.5 7.2 0.39 5.3 8.2 0.096

Abbreviations: TEE, total energy expenditure; FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease;
BMI, body mass index; igr, interquartile range; GGT, gamma-glutamy| transferase; ALT, alanine
aminotransferase; AST, aspartate Aminotransferase.

Data are mean + SD for continuous variables or percent for categorical variables, unless otherwise stated.

* P-value calculated using Chi-square test for categorical variables and student’s t-test for continuous variables.
+ Due to some missing data, percentages do not always add to 100%.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

§ Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130 mm
Hg or diastolic blood pressure >85 mm Hg or treatment for previously diagnosed hypertension; and fasting
plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes.
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3 Table S3 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland: ass%sment of influence of other potential
4 covariates. 9
Z Risk ratio (95% CI) across quintiles of Mediterranean diet score* 13 Risk ratio
P-trend 95% CI
7 Q1 Q2 Q3 Q4 §5 Per (SD incre)ase*
8 Range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.6§-12.1
9 N total 458 458 457 458 B7
10 Fatty liver index o
11 Different models S
12 N Cases (score>60) 36 43 35 22 @7
Multivariable (Model 1)} 1.00 (ref.)  1.11(0.72,1.72) 107 (0.68,1.66) 0.71(0.42,1.22)  0.50 ((28,0.91)  0.006 0.84 (0.71, 0.99)
13 Model 1 + Changes in BMI categories§ 1.00 (ref.)  1.11(0.73,1.69) 0.98(0.64,150) 0.73(0.43,1.24) ~ 0.59 (B32,1.06) ~ 0.024 0.85 (0.72, 1.02)
14 Model 1 + Alcohol 1.00 (ref) 1.11(0.72,1.72)  1.06 (0.69,1.65) 0.71(0.41,1.22) 0.50 ((&8,0.91)  0.006 0.84 (0.70, 0.99)
15 Model 1 + Alcohol+ BMII 1.00 (ref)  1.13(0.74,1.73) 0.92(0.59,1.42) 0.76 (0.45,1.29)  0.63 (85, 1.14)  0.047 0.86 (0.72, 1.04)
16 Model 1 + Clinical variables** 1.00 (ref)  1.30(0.80,2.11)  1.20(0.74,1.94)  0.77 (0.43,1.39)  0.57 (080,1.09)  0.023 0.84 (0.70, 1.01)
17 Model 1 + Clinical variables + BMI 1.00 (ref)  1.28(0.79,2.07)  0.94 (0.58,1.52)  0.80 (0.45,1.41)  0.68 ((E36,1.27)  0.076 0.86 (0.71, 1.04)
18 Model 1 + MetSi+ 1.00 (ref)  1.14(0.74,1.75)  1.03(0.66,1.60)  0.68 (0.40,1.16)  0.51 (0528 0.93)  0.005 0.83 (0.70, 0.99)
NAFLD-scorefi =
19 Different models E
20 N Cases (score>-0.640) 41 46 51 38 %2
21 Multivariable (Model 1)} 1.00 (ref.)  1.13(0.75,1.70)  1.26(0.85,1.87)  1.01(0.65,1.56)  0.80 (&0, 1.28) 0.28 0.95 (0.82, 1.10)
22 Model 1 + Changes in BMI categories§ 1.00 (ref)  1.13(0.76,1.69) 1.18(0.80,1.74)  1.04 (0.68,1.60)  0.93 (38, 1.48) 0.65 0.99 (0.86, 1.16)
23 Model 1 + Alcohol 1.00 (ref)  1.11(0.73,1.67) 1.22(0.82,1.82) 097 (0.63,1.51)  0.77 (448, 1.23) 0.21 0.94 (0.81, 1.09)
24 Model 1 + Alcohol+ BMII 1.00 (ref.)  1.16(0.78,1.73)  1.15(0.78,1.68)  1.04(0.68,1.61)  0.93 (&8, 1.48) 0.62 0.99 (0.85, 1.15)
25 Model 1 + Clinical variables** 1.00 (ref.)  1.20(0.78,1.84)  1.32(0.88,1.98)  0.99 (0.64,1.55)  0.85 (G52, 1.37) 0.33 0.95 (0.82, 1.11)
%6 Model 1 + Clinical variables + BMI 1.00 (ref)  1.21(0.80,1.84) 1.19(0.80,1.78)  1.06 (0.69, 1.64)  0.99 (&b1, 1.60) 0.76 0.99 (0.85, 1.16)
57 Abbreviations: SES, socio-economic status; BMI, body mass index; MetS, metabolic syndrome; NAFLD, non-alcoholic fatty Iivergisease' SD, standard deviation; Cl,
confidence interval.
28 Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence n%rvals)
29 * In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standafg deviation was 1.20 for different
30 multivariable analyses. 1Y
31 1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase. 8
32 1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (vworkmg and not working), education level
33 (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kc§/day) total energy expenditure (kcal/day),
34 and date of dietary assessment. m
35 8§ Changes in BMI categories defined as individuals with a normal BMI at baseline and follow-up, individuals with normal BMI at'Basellne and overweight or obese BMI at
36 follow-up, individuals with overweight or obese BMI at baseline and at follow-up, or individuals with overweight or obese BMI a@asellne and normal at follow-up.
37 I Results of further adjustment for waist circumference were broadly in line with of the further adjustment for BMI (data not showrd.
38 **Family history of diabetes (yes/no), high blood pressure (yes/no), high triglyceride level (yes/no), low HDL level (yes/no), and @gh glucose level (yes/no).
39 11 Metabolic syndrome as defined by the International Diabetes Federation (yes/no). g
40 3
41 2
42 & 6
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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11 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fast
aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S4 Sensitivity analyses for the associations of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, gwitzerland.

Risk ratio (95% CI) across quintiles of Mediterranean diet score* 9

N Risk ratio
01 Q2 Q3 Q4 ng P-trend (95% ClI)
@ Per SD increase*
Range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9%0-12.1
N total 458 458 457 458 AS7
. . 0]
Fatty liver indext =
. N
Different models Q
N Cases (score>60) 36 43 35 22 o17
Multivariable (Model 1)} 1.00 (ref.)  1.11(0.72,1.72) 1.07 (0.68,1.66) 0.71(0.42,1.22) 0.50[d.28,0.91)  0.006 0.84 (0.71, 0.99)
Excluding alcohol from MDS component 2
Model 1 + Alcohol 1.00 (ref.) 1.64 (1.04,2.58) 1.08 (0.65,1.80) 1.17(0.70,1.96) 0.65@.35,1.18)  0.069 0.86 (0.73, 1.03)
Model 1 + Alcohol + BMI§ 1.00 (ref.) 1.53(0.98,2.39) 0.94(0.57,1.54) 1.08(0.67,1.77) 0.75 g.éll, 1.35) 0.15 0.89 (0.75, 1.06)
Excluding participants with BMI>30I Q
N Cases (score>60) 35 40 28 19 316
Model 1 1.00 (ref.) 1.08(0.69,1.68) 0.90 (0.56,1.46) 0.64(0.36,1.12) 0.50 $.27,0.93)  0.005 0.83 (0.69, 0.98)
Model 1 + BMI§ 1.00 (ref.) 1.02 (0.66,1.58) 0.84 (0.53,1.33) 0.65(0.37,1.14) 0.60 #.33,1.10) 0.031 0.85 (0.70, 1.02)
Excluding participants with excessive alcohol <
consumption** g
N Cases (score>60) 33 42 34 21 o117
Model 1 1.00 (ref.) 1.17(0.75,1.84) 1.12(0.71,1.77) 0.70 (0.40, 1.23) 0.522.28, 0.95)  0.007 0.82 (0.69, 0.98)
Model 1 + BMI§ 1.00 (ref.) 1.17(0.76,1.81) 0.91(0.58,1.42) 0.73(0.42,1.24) 0.64{9.35,1.15)  0.037  0.85(0.71,1.02)
Excluding participants with implausible energy intaket+ §
N Cases (score>60) 33 41 33 22 816
Model 1 1.00 (ref.)  1.19(0.63,2.23) 1.16 (0.61,2.20) 0.87(0.45,1.69) 0.69 @.35,1.38)  0.16  0.85(0.71, 1.01)
Model 1 + BMI§ 1.00 (ref.) 1.13(0.60,2.13) 0.90 (0.47,1.73) 0.81(0.43,153) 0.74@®.37,1.49) 020  0.86(0.72,1.04)
Excluding participants with secondary causes of hepatic >
steatosisf i ES
N Cases (score=>60) 37 42 35 22 =17
Model 1 1.00 (ref) 1.18(0.75,1.85) 1.11(0.70,1.76)  0.78 (0.45,1.34) 0.51{Q.27,0.94)  0.010  0.85(0.71,1.01)
Model 1 + BMI§ 1.00 (ref) 1.17(0.75,1.83) 0.95(0.60,1.50) 0.78(0.46,1.31) 0.63@.34,1.17)  0.050 0.86 (0.72, 1.04)
Excluding participants with diabetes§§ :;_
N Cases (score>60) 35 40 35 22 <16
Model 1 1.00 (ref) 1.06 (0.67,1.66) 1.11(0.71,1.73) 0.74 (0.43,1.27) 0.49%.26, 0.91) 0.009 0.84(0.71,0.998)
Model 1 + BMI§ 1.00 (ref) 1.06 (0.69,1.65) 0.92(0.59,1.43) 0.76(0.45,1.29) 0.58{0.32,1.06)  0.033 0.85(0.71, 1.02)
o
NAFLD-score 11 S
Different models s
N Cases (score>-0.640) 41 46 51 38 ®32
Multivariable (Model 1)} 1.00 (ref)  1.13(0.75,1.70)  1.26(0.85,1.87)  1.01 (0.65, 1.56) 0.28  0.95(0.82,1.10)

0.80@.50, 1.28)
Q
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Model 1 + Alcohol 1.00 (ref)  1.15(0.78,1.71) 0.92 (0.61,1.41) 092 (0.59,1.42) 0.89(3.57,1.38)  0.34 0.93 (0.81, 1.08)

Model 1 + Alcohol + BMI§ 1.00 (ref) 1.15(0.78,1.69) 0.88(0.59,1.32) 0.88(0.57,1.35) 1.02 @.66, 1.57) 0.65 0.96 (0.83, 1.12)
Excluding participants with BMI>30I N

N Cases (score>-0.640) 40 46 44 36 §31

Model 1 1.00 (ref) 1.15(0.76,1.74) 1.12(0.74,1.69) 0.99 (0.63,1.55)  0.8140.5, 1.30) 0.27 0.94 (0.81, 1.09)

Model 1 + BMI§ 1.00 (ref) 1.17 (0.78,1.75) 1.09 (0.73,1.63) 1.07 (0.69,1.67)  0.97%0.6, 1.55) 0.76 0.99 (0.85, 1.15)
Excluding participants with excessive alcohol @
consumption** 0

N Cases (score>-0.640) 38 43 50 37 332

Model 1 1.00 (ref) 1.10(0.73,1.68) 1.28(0.85,1.91) 1.00 (0.64,1.56)  0.80¢9.5, 1.29) 0.32 0.96 (0.83, 1.11)

Model 1 + BMI§ 1.00 (ref) 1.15(0.76,1.74) 1.18(0.80,1.73) 1.06 (0.69,1.65)  0.96%0.6, 1.54) 0.75 1.00 (0.86, 1.17)
Excluding participants with implausible energy intake g

N Cases (score>-0.640) 39 46 48 38 230

Model 1 1.00 (ref.) 1.32(0.75,2.35) 1.48(0.84,2.60) 1.06(0.59,1.91) 1.15{®.64,2.07) 0.92 0.95 (0.82, 1.10)

Model 1 + BMI§ 1.00 (ref.) 1.34(0.76,2.38) 1.35(0.77,2.37) 1.06 (0.59,1.89) 1.29 @.72, 2.33) 0.67 0.99 (0.85, 1.16)
Excluding participants with secondary causes of hepatic
steatosisf i g

N Cases (score>-0.640) 41 46 50 37 231

Model 1 1.00 (ref) 1.19(0.79,1.81) 1.26 (0.84,1.89) 1.06 (0.68,1.65) 0.78 .48, 1.27) 0.25 0.95 (0.82, 1.10)

Model 1 + BMI§ 1.00 (ref) 1.23(0.82,1.85) 1.17(0.79,1.73) 1.11(0.71,1.72) 0.93§.57,152)  0.66 0.99 (0.85, 1.16)
Excluding participants with diabetes§§ 3

N Cases (score>-0.640) 37 43 50 36 230

Model 1 1.00 (ref.)  1.17(0.76,1.79)  1.37 (0.90,2.06) 1.05(0.67,1.66) 0.85 @ 52,1.39)  0.43 0.97 (0.83, 1.12)

Model 1 + BMI§ 1.00 (ref) 1.21(0.79,1.85) 1.26(0.851.87) 1.11(0.71,175 1.01{.62,163)  0.89 1.01 (0.86, 1.18)

O
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Abbreviations: SES, socio economic status; BMI, body mass index; MD, Mediterranean Diet; NAFLD, non-alcoholic fatty liver diSease; SD, standard deviation; Cl,
confidence interval.
Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence Mervals)
* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa® deviation was 1.41 after excluding
alcohol from Mediterranean Diet score components, 1.20 after excluding participants with BMI>30, 1.18 after excluding participargs with excessive alcohol consumption,
1.20 after excluding participants with probable implausible energy intake or after excluding participants with secondary causes of Fﬂepatlc steatosis or diabetes.

+ Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase.
1 Adjusted for age (years), sex, marital status (smgle married/cohabitant, and widowed/Separated/divorced), occupational status (wsorklng and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kc day), total energy expenditure (kcal/day),
and date of dietary assessment.
8 Results of further adjustment for waist circumference were broadly in line with of the further adjustment for BMI (data not shovv@
I Excluded 36 participants with BMI>30 kg/m?.
** Excessive alcohol consumption defined as >21 units per week for men and >14 units per weeks for women; excluded 60 partl(:lf,gants with excess alcohol consumption
(n=2228). o]

+1 Implausible energy intake defined as <500 and <800 kcal or >3,500 or >4,000 kcal in women and men, respectively; excluded 43- participants with probable implausible
energy intake (n=2247).
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11 Secondary causes of hepatic steatosis defined as having hepatitis B, C or HIV, and with hepatotoxic medications (Glucocortico@e, isoniazid, methotrexate, amiodarone,
and tamoxifen); excluded 36 participants with probable secondary causes of hepatic steatosis (n=2252).
§8 Diabetes defined as glycated haemoglobin>48 mmol/mol, or fasting plasma glucose >7.0 mmol/L, or use of hypoglycaemic drug,s or insulin; excluded 26 participants with
probable secondary causes of hepatic steatosis (n=2262).

17 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fastlm serum insulin, fasting serum aspartate-
aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S5 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland: sengitivity analysis while excluding

participants with only one of the indices high at baseline and using hepatic steatosis index as an alternative score. 9
Risk ratio (95% CI) across quintiles of Mediterranean diet score* 13 Risk ratio
P-trend (95% ClI)
Ql Q2 Qs Q4 (§ Per SD increase *
range 1.83-7.64 7.64-8.34 8.35-8.92 8.93-9.57 9.5832.18
N total (n=2652) 531 530 531 530 580
Fatty liver index, median (igr)f 234 (11.1,41.4) 241 (106,44.7)  22.3(9.9,39.7) 20.2 (8.4, 38.4) 17.5 (73, 34.5)
N cases (score>60) 51 56 54 35 B
Unadjusted 1.00 (ref.) 110(0.77,1.58)  1.06(0.74,152)  0.69(0.45,1.04)  0.47 (0.89,0.75) <0.001 0.79 (0.69, 0.89)
Multivariable § 1.00 (ref.) 1.12(0.77,163)  1.25(0.86,1.81)  0.88(0.57,1.35)  0.56 (0.8, 0.92) 0.011 0.86 (0.74, 0.99)
Multivariable + BMI 1.00 (ref.) 1.08(0.75,154)  0.99(0.70,1.41)  0.85(0.56,1.30)  0.59 (0.8, 0.96) 0.017 0.84 (0.73, 0.98)
Multivariable + BMI & WC 1.00 (ref.) 1.01(0.71,1.45)  0.99 (0.70,1.40)  0.84 (0.56,1.28)  0.58 (0.85, 0.95) 0.019 0.84 (0.72, 0.98)
o
range 1.83-7.56 7.57-8.29 8.30-8.88 8.89-9.53 9.5432.12
N total (n=2568) 514 514 513 514 5
NAFLD-score, median (iqr)§ -1.9 (-2.4, -1.3) -1.8(-2.3,-1.2) -1.9 (-2.4, -1.3) -2.0(-25,-1.3) -2.1 (-2, -1.6)
N cases (score>-0.640) 63 70 67 59 3B
Unadjusted 1.00 (ref.) 1.11(0.81,1.53)  1.07 (0.77,1.47)  0.94 (0.67,1.31)  0.60 (0%.1, 0.89) 0.006 0.88 (0.79, 0.99)
Multivariable % 1.00 (ref.) 1.16(0.83,1.62) 1.16(0.83,1.61) 1.02(0.72,1.46)  0.66 (04, 1.00) 0.039 0.92 (0.81, 1.04)
Multivariable + BMI 1.00 (ref.) 127(091,176) 1.24(0.89,1.72) 1.16(0.81,1.65) 0.84 (0.5, 1.28) 0.34 0.98 (0.87, 1.11)
Multivariable + BMI & WC 1.00 (ref.) 1.25(0.90,1.73)  1.24(0.89,1.72) ~ 1.16(0.82,1.65)  0.83 (0.34,1.27) 0.34 0.99 (0.87, 1.12)
(@]
range 1.83-7.15 7.16-8.07 8.08-8.76 8.77-9.47 9.48-&2.18
N total (n=2351) 471 470 470 470 4%
Hepatic steatosis index, median (iqr)t 32.4(30.5,344)  323(30.3,346) 325(30.4,345) 326(30.6,344) 324 (3@B, 34.1)
N cases (score>36) 166 123 120 120 183
Unadjusted 1.00 (ref.) 0.74(0.61,0.90)  0.72 (0.59,0.88)  0.72(0.59,0.88)  0.62 (0.8, 0.76) <0.001 0.85 (0.79, 0.90)
Multivariable 1.00 (ref.) 0.77(0.61,0.96)  0.79 (0.63,1.00)  0.83(0.65,1.04)  0.70 (0.55, 0.91) 0.070 0.90 (0.82, 0.98)

Page 48 of 54

Abbreviations: igr, interquartile range; SES, socio-economic status; BMI, body mass index; WC, waist circumference; NAFLD, ndd-alcoholic fatty liver disease.

Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence irgervals).

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standagi deviation was 1.21 for the multivariable
analyses.

+ Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase.
1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (\Borklng and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kc:{-!/day) total energy expenditure (kcal/day),
and date of dietary assessment.
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3 8§ Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fastin§ serum insulin, fasting serum aspartate-
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Table S6 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland (n=1%

participants with either indices high (using FL1>30 instead of FLI1>60).
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Risk ratio (95% CI) across quintiles of Mediterranean diet score* Risk ratio
P-trend (95% ClI)
Ql Q2 Q3 Q4 Qg Per SD increase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-@.1
N total 327 326 327 326 328
Fatty liver index, median (iqr)T 14.9 (7.6, 24.8) 12.7 (7.4, 23.7) 12.3 (5.5, 22.3) 11.8 (6.3, 22.7) 10.2 (5. ?.}’21 8)
N cases (score>60) 9 5 2 2 33
Unadjusted 1.00 (ref.) 0.56 (0.19, 1.65) 0.22 (0.05, 1.02) 0.22 (0.05, 1.02) 0.33 (0.0g 1.22) 0.047 0.66 (0.45, 0.97)
Multivariable } 1.00 (ref.) 0.63(0.20,2.00)  0.14(0.02,0.96)  0.27(0.05,1.32)  0.39 (0.0 1.68) 0.096 0.72 (0.47, 1.10)
Multivariable + BMI 1.00 (ref.) 0.68(0.22,2.05) ~ 0.13(0.02,0.98) ~ 0.26(0.06,1.15)  0.41(0.1§, 1.70) 0.087 0.73 (0.48, 1.11)
Multivariable + BMI + WC 1.00 (ref.) 050(0.18,1.42)  0.12(0.01,0.98)  0.22(0.051.03)  0.39 (0.08 1.67) 0.093 0.71 (0.46, 1.09)
o
NAFLD-score, median (iqr)§ -2.2(-2.5,-1.8) -2.2(-2.5,-1.7) -2.2(-2.5,-1.8) -2.2(-2.6,-1.8) 2.2 (-2.8 -1.8)
N cases (score>-0.640) 13 14 10 13 1Z
Unadjusted 1.00 (ref.) 1.08(0.52,2.26)  0.77(0.34,1.73)  1.00(0.47,2.13)  0.93 (0.43, 2.00) 0.79 0.94 (0.73, 1.20)
Multivariable } 1.00 (ref.) 1.13(0.55,2.32)  0.79(0.35,1.76)  1.10(0.52,2.34)  0.98 (0.45 2.15) 0.94 0.95 (0.73, 1.24)
Multivariable + BMI 1.00 (ref.) 1.25(0.60,2.60)  0.81(0.36,1.84)  1.20(0.56,258) 113 (0.5% 2.52) 0.82 0.98 (0.75, 1.28)
Multivariable + BMI + WC 1.00 (ref.) 1.17(0.57,2.44)  0.85(0.37,1.93)  1.13(0.52,2.45)  1.12 (0.5 2.53) 0.84 0.98 (0.75, 1.28)

Abbreviations: igr, interquartile range; BMI, body mass index; WC, waist circumference; NAFLD, non-alcoholic fatty liver diseasg.
Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence irervals).

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa@i deviation was 1.21 for the multivariable

analyses. 3
1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy! transferase. S

I Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (\&orking and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcﬁlday) total energy expenditure (kcal/day),

and date of dietary assessment. S
8 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasting serum insulin, fasting serum aspartate-

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S7 Association of the Mediterranean diet score with change in BMI and waist circumference, CoLaus study, Switzerland.

B coefficient (95% CI ) across quintiles of Mediterranean diet score*

B coefficient

quisbdqa 2z uo FS6070-0202-uadolw

P-trend 95% ClI
Q1 Q2 Q3 Q4 Q5 Per EQ,D incre)ase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-12
N total 458 458 457 458 457
ABMI, meantSD+ 0.48 +1.62 0.61+1.53 0.42+1.44 0.50 +1.52 0.40 +1.59
Multivariable § 1.00 (ref)  0.12(-0.08,0.33)  -0.08 (-0.28,0.13)  -0.04 (-0.25,0.16)  -0.16 (-0.37, %04) 0.038  -0.08 (-0.15, -0.02)
o
AWaist circumference, mean+SD§ 1.04 +£6.53 0.74 + 6.42 0.19 £ 6.00 0.57 +6.33 0.17 +6.19
Multivariable 1.00 (ref.)  -0.51(-1.36,0.34)  -0.85 (-1.69,0.00) -0.47 (-1.32,0.38) -0.82(-1.68,803)  0.10  -0.33 (-0.61, -0.06)

Abbreviations: BMI, Body mass index.

Statistical analysis using linear regression; results are expressed as 3 coefficients and (95% confidence intervals).

* |n categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa
multivariable analyses.

+ Calculated by subtracting BMI at baseline from BMI at follow-up.

1y wouRapeo|y

deviation was 1.20 for the

1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (\ﬂorking and not working), education
level (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy mtakg(kcal/day) total energy

expenditure (kcal/day), and date of dietary assessment.
8 Calculated by subtracting waist circumference at baseline from waist circumference at follow-up.
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Table S8 Association of the Mediterranean diet score with the GGT, ALT, and AST, CoLaus study, Switzerland.
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B coefficient (95% CI) across quintiles of Mediterranean diet score* B coefficient
P-trend (95% CI)
Ql Q2 Q3 Q4 Q5 Per SD increase *
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-12.12
N total 458 458 457 458 457
GGT (U/l), median (iqr) 21 (15, 29) 20 (14, 29) 19 (14, 26) 18 (14, 28) 17 (13, 26)
Multivariable T 1.00 (ref.) -2.63 (-9.01, 3.76) -5.71 (-12.07, 0.66) -4.24 (-10.64, 2.16) -6.03 (-12.45, 0.38) 0.063 -1.53 (-3.60, 0.53)
Multivariable + BMI 1.00 (ref.) -2.86 (-9.24, 3.53) -5.70 (-12.06, 0.66) -4.50 (-10.90, 1.90) -6.52 (-12.95, -0. %) 0.047 -1.66 (-3.73, 0.41)
Multivariable + BMI & WC 1.00 (ref.) -2.93 (-9.32, 3.45) -5.72 (-12.08, 0.64) -4.54 (-10.94, 1.86) -6.53 (-12.96, -0. B)) 0.047 -1.65 (-3.72, 0.41)
o
ALT (U/1), median (igr) 20 (16, 26) 20.5 (17, 26) 20 (16, 26) 19.5 (16, 25) 20 (16, 25) %
Multivariable t 1.00 (ref.) 0.03 (-0.02, 0.08) 0.03 (-0.02, 0.08) -0.013 (-0.06, 0.04) 0.002 (-0.05, 0. Og) 0.45 -0.006 (-0.02, 0.01)
Multivariable + BMI 1.00 (ref.) 0.04 (-0.01, 0.08) 0.03 (-0.02, 0.08) -0.009 (-0.06, 0.04) 0.008 (-0.04, 0.08) 0.60 -0.005 (-0.02, 0.01)
Multivariable + BMI & WC 1.00 (ref.) 0.04 (-0.01, 0.08) 0.03 (-0.02, 0.08) -0.01 (-0.06, 0.04) 0.008 (-0.04, 0.08) 0.60 -0.005 (-0.02, 0.01)
AST (U/l), median (iqr) 22 (19, 25) 22 (19, 26) 22 (19, 25) 22 (19, 26) 22 (19, 25) %
Multivariable 1.00 (ref.) 0.02 (-0.01, 0.06) 0.004 (-0.03, 0.04) 0.011 (-0.03, 0.05) 0.015 (-0.02, 0.05) 0.66 0.003 (-0.01, 0.01)
Multivariable + BMI 1.00 (ref.) 0.02 (-0.02, 0.06) 0.004 (-0.03, 0.04) 0.009 (-0.03, 0.04) 0.011 (-0.03, 0.85) 0.80 0.002 (-0.01, 0.01)
Multivariable + BMI & WC 1.00 (ref.) 0.02 (-0.02, 0.06) 0.004 (-0.03, 0.04) 0.009 (-0.03, 0.04) 0.011 (-0.03, 0.08) 0.80 0.002 (-0.01, 0.01)

Abbreviations: igr, interquartile range; GGT, gamma-glutamyl transferase; SES, socio economic status; BMI, body mass index; V\@ waist circumference; ALT,
Alanine transaminase; AST, aspartate-aminotransferase.

Statistical analysis using linear regression; results are expressed as B coefficients and (95% confidence intervals).

]
@
3

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standaﬁj deviation was 1.20 for the

multivariable analyses.

+ Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (\iorklng and not working), education
level (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intakg (kcal/day), total energy
expenditure (kcal/day), and date of dietary assessment.
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ABSTRACT

Objective: The Mediterranean diet has been promoted as a healthy dietary pattern but,
whether the Mediterranean diet may help to prevent hepatic steatosis is not clear. This study
aimed to evaluate the prospective association between adherence to the Mediterranean diet
and risk of hepatic steatosis.

Design: Population-based prospective cohort study.

Setting: The Swiss CoLaus study.

Participants: We evaluated 2288 adults (65.4% women, aged 55.8+10.0 years) without
hepatic steatosis at first follow-up in 2009-2012. Adherence to the Mediterranean diet was
scaled as the Mediterranean diet score (MDS) based on the Mediterranean-diet Pyramid
ascertained with responses to food-frequency questionnaires.

Outcome measures: New onset of hepatic steatosis was ascertained by two indices
separately: the fatty liver index (FLI, >60 points) and the non-alcoholic fatty liver disease
(NAFLD) score (>-0.640 points). Prospective associations between adherence to the
Mediterranean diet and risk of hepatic steatosis were quantified using Poisson regression.
Results: During a mean 5.3-years of follow-up, hepatic steatosis was ascertained in 153
(6.7%) participants by FLI criteria and in 208 (9.1%) by NAFLD-score. After multivariable
adjustment, higher adherence to MDS was associated with lower risk of hepatic steatosis
based on FLI: risk ratio (95% confidence interval) 0.84 (0.73, 0.96) per one standard
deviation of MDS; 0.85 (0.73, 0.99) adjusted for BMI; and 0.85 (0.71, 1.02) adjusted for both
BMI and waist circumference. When using NAFLD-score, no significant association was
found between MDS and risk of hepatic steatosis [0.95 (0.83, 1.09)].

Conclusion: A potential role of the Mediterranean diet in the prevention of hepatic steatosis
is suggested by the inverse association observed between adherence to the Mediterranean diet

and incidence of hepatic steatosis based on the FLI. The inconsistency of this association
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when hepatic steatosis was assessed by NAFLD-score points to the need for accurate

population-level assessment of fatty liver and its physiologic markers.

Keywords: Mediterranean diet; hepatic steatosis; fatty liver disease; prospective study.
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STRENGTHS AND LIMITATIONS OF THE STUDY

e This study had the benefit of a relatively large sample size and an average of 5.3 years
of follow-up.

e We applied a definition of the Mediterranean diet that has been shown to be valid in a
non-Mediterranean population.

e Our ascertainment of hepatic steatosis was based on two indices that have been
validated for use in large epidemiological studies.

e We used dietary data measured only once at baseline, and intra-individual variation
over time might be present which may weaken the observed associations towards the
null; however, dietary intake in CoLaus was relatively stable, suggesting that lack of
repeated dietary measures is unlikely to alter our findings substantially.

e The precision of the two hepatic steatosis indices used is different and may be

influenced by the presence of steatohepatitis or advanced liver fibrosis.
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INTRODUCTION

Hepatic steatosis is the most common cause of liver disease [1]. In westernized
countries, hepatic steatosis affects up to 34% of the general population and up to 74% of
obese individuals, depending on the definition used [2—4]. Hepatic steatosis—fat content of
more than 5% of liver volume—is the first recognizable stage of non-alcoholic fatty liver
disease (NAFLD) [1]. Hepatic steatosis, particularly NAFLD, may progress to end-stage liver
disease including fibrosis, cirrhosis, and hepatocellular carcinoma [5]. Moreover, as hepatic
steatosis increases the risk of metabolic syndrome, type 2 diabetes, and cardiovascular disease
(CVD), its prevention is of public health importance [6]. An unhealthy dietary pattern remains
one of the primary targets of lifestyle modification for the prevention and management of

hepatic steatosis and NAFLD [7,8].

The Mediterranean diet has been recently recommended for treatment of NAFLD [9].
In recent years, a growing body of evidence supports the idea that the Mediterranean diet may
be the reference nutritional profile for the prevention of hepatic steatosis development [10—
12]. Adherence to the Mediterranean diet has been reported to have a beneficial impact on
risks of CVD [13,14], type 2 diabetes [15], and metabolic syndrome [16]. Trial evidence
demonstrated the potential benefits of the Mediterranean diet against progress of hepatic
steatosis focusing on individuals with existing hepatic steatosis, either alone [17-22] or
associated with metabolic risk factors such as obesity or diabetes [22-25]. Research among
those without clinically manifest hepatic steatosis is restricted to observational evidence,
reporting an inverse association that greater adherence to a Mediterranean diet is associated
with lower prevalence of hepatic steatosis [26,27]. However, the cross-sectional design of
these studies limits inference for causal associations and can be used mainly for hypothesis
generation. Relevant longitudinal evidence for the primary prevention of hepatic steatosis or

NAFLD has been reported only by the Framingham Heart Study, with a significant inverse
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association of adherence to the Mediterranean diet with risk of hepatic steatosis in 1521 adults

over 6 years of follow-up [28], but evidence is lacking in Europe.

Given the limited evidence from population-based epidemiological studies thus far, we
aimed to investigate the prospective association between adherence to the Mediterranean diet
and the risk of developing hepatic steatosis among adults without clinically manifest hepatic
steatosis. We hypothesized that greater adherence to the Mediterranean diet would reduce the

risk of hepatic steatosis.

METHODS

Study population

We evaluated participants in the CoLaus study, an ongoing population-based cohort
investigating the clinical, biological, and genetic determinants of CVD in the city of
Lausanne, Switzerland [29]. Inclusion criteria of the recruitment were adults of European
origin, aged 35 to 75 years [29]. There were three study phases: baseline recruitment in 2003-
2006 (n=6733), the first follow-up in 2009-2012 (n=5064), and the second follow-up in 2014-
2017 (n=4881). We conducted dietary assessment at the first follow-up and therefore
considered the first follow-up as the study baseline. Fatty liver index (FLI) and NAFLD-
score, two indices of hepatic steatosis, were available at baseline [27]. If participants met the
joint criterion of FLI > 60 or NAFLD-score > -0.640 at baseline, we excluded them as
prevalent cases (see below) (n=2036). We also excluded participants with missing

information on diet, outcome, and covariates (n=740) (Figure S1).

Patient and public involvement

Patients and/or the public were not involved in the design, conduct, reporting or

dissemination plans of this research.
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Dietary assessment

Participants completed a self-administered, 97-item, semi-quantitative food frequency
questionnaire (FFQ) about their habitual dietary intake over the last four weeks [30], the
validity of which had been assessed in canton Geneva against 24-hour recalls [30,31]. For
each item, participants were instructed to report consumption frequencies by selecting one of
the seven frequency options from “less than once during the last 4 weeks” to “2 or more times

per day” and by selecting a usual serving size (smaller, equal, or bigger to a reference size).

Mediterranean diet scores

We derived the pyramid-based Mediterranean diet score (MDS) as a measure of
adherence to the Mediterranean diet from responses to the FFQ as we conducted previously
[27]. This MDS is based on the Mediterranean Dietary Pyramid proposed by the
Mediterranean Diet Foundation for both Mediterranean and non-Mediterranean countries and
accounting for the traditional Mediterranean diet, contemporary lifestyle, and food
environment [32]. We have previously reported that this MDS scoring algorithm predicted
CVD incidence [33], as well as the prevalence of hepatic steatosis [27] in non-Mediterranean
populations. Briefly, a continuous score of 0 to 1 was assigned for each recommended level of
the 15 components of the pyramid (vegetables, legumes, and fish as healthy items; red meat,
processed meat, potato, and sweets as unhealthy items; and fruits, nuts, cereals, eggs, dairy,
white meat, and alcoholic beverages as items for which moderate consumption was
recommended). The resulting MDS ranges between 0 and 15 on a continuous scale. The MDS
calculation was adjusted to an energy intake of 2000 kcal/d (8.37 MJ/day) by applying a

regression-residual technique for energy adjustment to each food group variable [33,34].

Ascertainment of hepatic steatosis
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Two indices of hepatic steatosis were evaluated: fatty liver index (FLI) [35] and
NAFLD liver fat score [36]. FLI was calculated based on a logistic function including body-
mass index (BMI), waist circumference, fasting triglycerides, and gamma-glutamyl

transferase (GGT) levels as follows:

FLI=1/ (1+e—(0.953 x In (triglycerides) + 0.139 x BMI + 0.718 x In (GGT) + 0.053 x waist circumference - 15.745))

FLIx100 ranges from 0 to 100. Presence of hepatic steatosis was defined by FLI > 60, a value
with a sensitivity of 61% and a specificity of 86% [35]. FLI was tested previously in
comparison to ultrasonography with an area under the receiver operating characteristic curve

of 0.78 (OR 95% CI: 0.77, 0.83) [37].

The NAFLD-score was calculated based on an algorithm including a logistic function
with the presence of metabolic syndrome defined by criteria of International Diabetes
Federation [38], presence of type 2 diabetes, and fasting concentrations of insulin, aspartate-

aminotransferase (AST), and the AST/ alanine transaminase (ALT) ratio:

NAFLD-score=-2.89 + 1.18 x metabolic syndrome (yes/no) + 0.45 x type 2 diabetes (yes /no) + 0.15

x fasting-insulin (mU/L) + 0.04 X fasting-AST (U/L) - 0.94 x AST/ALT

Presence of hepatic steatosis was defined by a NAFLD-score > -0.640, a value with a
sensitivity of 86% and a specificity of 71%, when compared to proton magnetic resonance

imaging [36].

Assessment of covariates at baseline

Sociodemographic, lifestyle and health characteristics were collected by self-
administered questionnaires. Age, sex, marital status, occupational status, and educational
level were included as indicators of sociodemographic condition. Smoking status was

classified as ‘never’, ‘former’, and ‘current’. Alcohol consumption was assessed by the
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number of alcoholic beverage units consumed in the past week and further categorized as
‘abstainers’ (0 unit/week), ‘moderate’ (1-21 units/week for men, 1-14 for women), and
‘heavy’ (>21 units/week for men, >14 for women) drinkers (one unit corresponds to 8 g of
alcohol). Physical activity was assessed with a self-administered quantitative physical activity
frequency questionnaire [39]. Health characteristics included presence of metabolic syndrome
and family history of diabetes. Anthropometric and blood pressure measurements were
obtained using standard procedures and equipment as previously described [29]. Plasma
triglycerides, high-density lipoprotein cholesterol, and glucose were measured using standard
enzymatic methods and ALT, AST, and GGT were measured using reference methods as

standardized by the International Federation of Clinical Chemistry.

Statistical analysis

Statistical analyses were performed using Stata (version 15; StataCorp, College
Station, TX, USA) with a two-sided test with a=0.05. Descriptive statistics were obtained in
the participants included in this study in comparison to those excluded from this study.
Cohen’s kappa statistics were calculated to assess the agreement between the FLI and

NAFLD-score.

MDS as a measure of adherence to the Mediterranean diet was evaluated both
categorically (quintiles) and continuously scaled as one SD unit. The association of MDS with
the risk of hepatic steatosis was assessed using multivariable-adjusted Poisson regression
models with robust standard errors and estimating risk ratios (RRs) and 95% confidence
intervals (Cls). Models were adjusted for age, sex, marital status, occupational status,
educational level, smoking status, energy intake, total energy expenditure, and date of dietary
assessment (to adjust for seasonality). We further adjusted for BMI and waist circumference
as potential confounders or factors on the causal pathway to assess the possible impact of

10
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overall and central adiposity on the association of the Mediterranean diet and hepatic

steatosis.

Additionally, we also adjusted for changes in BMI categories between baseline and
follow-up; for alcohol consumption (units/week); for clinical variables of metabolic risk
[blood pressure >130/85 mm Hg (yes/no), triglycerides >1.7 mmol/L (yes/no), high-density
lipoprotein level <1.29 mmol/L for men and <1.03 mmol/L for women (yes/no), and glucose
level >5.6 mmol/L (yes/no)] [38]; and for family history of diabetes and metabolic syndrome

(only for FLI) to examine their influence on the association of interest.

Possible interactions between MDS and age, sex, BMI, and alcohol consumption were
tested using the Wald test. Several sensitivity analyses were conducted to examine the
robustness of the observed findings. First, to assess the role of alcohol consumption (as
alcohol is a risk factor for fatty liver accumulation), we excluded the alcohol component from
the MDS, while adjusting for alcohol consumption as a covariate. We took the same
approaches for the other MDS components to assess the impact of each component on the
observed associations. Second, we conducted separate analyses after excluding participants
with BMI>30 kg/m?; implausible energy intake (<500 or >3500 kcal/day in women and <800
or >4000 kcal/day in men); excessive alcohol consumption; prevalent diabetes (defined as
glycated haemoglobin>48 mmol/mol, or fasting plasma glucose >7.0 mmol/L, or use of
hypoglycaemic drugs or insulin); or probable secondary causes of hepatic steatosis such as
hepatitis B or C, HIV, hepatotoxic, or autoimmune disease medications. We evaluated the
robustness of the results to an alternative definition of prevalent hepatic steatosis. While we
excluded participants with prevalent hepatic steatosis using the specified cut-offs of FLI or
NAFLD-score in the primary analysis, we used each of the two indices separately in

sensitivity analyses, whereby we evaluated 2652 adults in longitudinal analysis based on FLI;
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and 2568 adults, based on NAFLD. Finally, we used more restrictive cutpoints and excluded

participants with NAFLD-score >-0.640 or with FLI>30.

In a post-hoc analysis, due to inconsistency of the associations observed for FLI and
NAFLD-score, we also calculated the hepatic steatosis index (HSI) [40] based on the ratio of

AST/ALT, BMI, presence of type 2 diabetes, and sex:

HSI=8*AST/ALT + BMI + 2 (presence of diabetes) + 2 (if women)

Presence of hepatic steatosis was defined by a HSI>36. After excluding participants with

HSI>36 at baseline (n=2674), we evaluated 2351 adults.

In a post-hoc analysis pertaining to sensitivity of the results to model covariates and
for better understanding of potential mechanisms, longitudinal associations of MDS with
follow-up measures of log-transformed GGT, ALT, and AST levels and with changes in BMI
and waist circumference from baseline to follow-up were examined using multivariable-
adjusted linear regression. These results were expressed as  coefficient (95% Cls) for

changes in each measure per 1-SD difference in MDS.

RESULTS

Participant characteristics

Of the initial 5064 participants, 2776 (54.8%) were excluded, leaving 2288
participants (65.4% women; 55.8+10.0 years) for analysis. Participants included were more
likely to be women, show higher sociodemographic characteristics and lower BMI, waist
circumference, liver enzymes, or prevalence of metabolic syndrome in comparison to
excluded individuals (Table S1). Being in the highest quintile of MDS was higher among

women compared to men, positively correlated with sociodemographic characteristics, and
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negatively correlated with being current smokers, heavy alcohol drinkers, and with BMI,

waist circumference, GGT, and TG (Table 1).

Adherence to the Mediterranean diet and risk of hepatic steatosis

After a mean 5.3 (SD: 0.5) years of follow-up, there were 153 (6.7%) and 208 (9.1%)
participants with hepatic steatosis based on FLI and NAFLD-score, respectively (Table S2).

Case identification by FLI and NAFLD-score was modestly concordant (kappa=0.60).

Multivariable-adjusted analysis showed an inverse association between MDS quintiles
and risk of hepatic steatosis based on FLI (pgeng<0.006) with RR (95% CI) comparing the top
to the bottom category of 0.50 (0.28, 0.91). The inverse associations across quintiles of MDS
weakened after adjustment for BMI (peng=0.031) or both BMI and waist circumference
(Ptrena=0.034) (Table 2): RR (95% CI)=0.61 (0.34, 1.09) and 0.60 (0.34, 1.08), respectively.
In analyses using MDS as a continuous variable, the inverse association with risk of hepatic
steatosis based on FLI [RR 0.84 (0.73, 0.96) per one SD of MDS] remained unchanged but
getting imprecise after adjustment for BMI [RR 0.85 (0.73, 0.99)] and adjustment for both
BMI and waist circumference [0.85 (0.71, 1.02)]. In sensitivity analysis, the magnitude of the
inverse associations little changed after further adjustment for alcohol consumption, presence
of metabolic syndrome, changes in BMI categories or clinical variables (medication use or
prevalent diseases), while adjustment for BMI and clinical variables increased standard errors

(Table S3).

Conversely, there was no association between MDS and the risk of hepatic steatosis
defined by NAFLD-score criteria, with RRs (95% Cls) ranging from 0.93 (0.82, 1.05) to 1.00

(0.86, 1.17) over different regression models (Table 2 and Table S3).

Interaction and sensitivity analyses
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No significant interactions were found between MDS and age, sex, BMI, or alcohol
consumption on risk of hepatic steatosis (Pinteraction=>0.05; results not shown). The contribution
of each component of the MDS on risk of hepatic steatosis was assessed by sequential
subtraction of components from the score (Figure 1). Excluding the components of the MDS
did not substantially affect the inverse associations with hepatic steatosis based on FLI; the
magnitude of the associations remained reasonably stable, but it became weaker (p>0.05)

after excluding fruits, cereals, dairy products, red or processed meat, or alcohol.

In sensitivity analyses, when excluding the alcohol component from the MDS but
adjusting for alcohol consumption as a covariate, the inverse associations between MDS and
risk of hepatic steatosis based on FLI became weaker (Table S4). The primary results were
not different when excluding participants with BMI>30 kg/m?, excessive alcohol
consumption, or secondary causes of hepatic steatosis (Table S4). Excluding participants with
implausible energy intakes weakened the associations (Table S4). The analysis of an
alternative definition of prevalent hepatic steatosis, excluding participants with only high FLI
score at baseline, did not alter the significant inverse association between MDS and risk of
FLI-based hepatic steatosis (Table S5). In post-hoc analyses, there was an inverse association
between MDS quintiles and risk of hepatic steatosis based on HSI (pyeng=0.070) with RR
(95% CI) comparing the top to the bottom category of 0.70 (0.55, 0.91); a significant inverse
association with HSI was observed per one SD increase in MDS [RR 0.90 (0.82, 0.98)]
(Table S5). Effect sizes were of slightly higher magnitude when excluding those with FLI>30
or NAFLD-score>-0.640 at baseline, but CIs were wider due to smaller sample size (Table

S6).

For NAFLD-score, no significant associations were found in any of the sensitivity
analyses (Tables S4 and S5). The sole exception was when participants with a high NAFLD-

score at baseline were excluded, where an inverse association between MDS quintiles and risk
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of hepatic steatosis was present (pyeng=0.039), but this association was attenuated to the null

after adjustment for BMI (Table S5).

Longitudinal analyses for adiposity and markers of hepatic function

In post-hoc exploratory analyses there were inverse associations of MDS with changes
in BMI [B coefficient (95% CIs) per one SD higher MDS of -0.08 (-0.15, -0.02)] and in waist
circumference [-0.33 (-0.61, -0.06)] (Table S7). For the markers of hepatic function, MDS
showed a trend toward inverse association with GGT levels (pyeng=0.047) [B coefficient (95%
CIs) per one SD higher MDS of -1.66 (-3.73, 0.41)], but not with ALT or AST levels (Table

S8).

DISCUSSION

In this first population-based European study among adults free from clinically
manifest hepatic steatosis to report on the prospective association between adherence to the
Mediterranean diet and risk of hepatic steatosis, we found an inverse association between
MDS and risk of hepatic steatosis based on FLI criteria. This relationship was attenuated to
the null when controlled for general and central adiposity assessed by the BMI and waist
circumference. In contrast, there was no association between adherence to the Mediterrancan

diet and risk of hepatic steatosis based on NAFLD-score criteria.

Current findings in context of other evidence

Our finding based on FLI is consistent with the only published prospective study
relating the Mediterranean diet to hepatic steatosis, where each SD increase in MDS was
estimated to decrease the odds for incident hepatic steatosis by 26% (95% CI 10%-39%) [28].
By contrast, the point estimate of the effect size in our study was smaller [(16% (95% CI 4%-
27%)]. A possible explanation partly lies in methodological differences. We used biochemical
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and anthropometric markers to estimate hepatic steatosis in the current study, while the

previous study used computed tomography assessment.

No association was found between adherence to the Mediterranean diet and risk of
hepatic steatosis based on the NAFLD-score. For possible explanations based on the
differences in their components, the FLI includes GGT, while NAFLD-score includes AST
and AST/ALT ratio; the FLI includes adiposity markers, while the NAFLD-score does not;
the FLI includes a lipid marker (triglycerides) while NAFLD-score includes markers of
glycaemic status. Previous studies showed a modest association of GGT and ALT (but not
AST) with the prevalence of hepatic steatosis [1]. Indeed, our analysis showed an inverse
association between MDS and GGT levels, but not with AST or ALT, and these findings
could explain the discrepancy between the two indices. Notably, our sensitivity analyses using
different definitions of hepatic steatosis showed an inverse association between MDS
quintiles and risk of hepatic steatosis based on NAFLD-score after excluding participants with
high baseline NAFLD-score only. This could be explained by modest concordance between
the two measures. Of note, there were no statistically significant associations between MDS
and risk of hepatic steatosis based on FLI after excluding participants with FLI>30 at
baseline, which led to a smaller sample size and consequently a lower statistical power in our
study. In a post-hoc analysis, we found an inverse association between adherence to the
Mediterranean diet and hepatic steatosis as assessed by HSI, an alternative score to detect
hepatic steatosis. Although, case identification by HSI and FLI (kappa=0.27) or NAFLD-
score (Kappa=0.18) was weakly concordant; our finding based on FLI is consistent with HSI.
This could be explained potentially by BMI as one of the components of both FLI and HSI,

highlighting the importance of obesity for incident hepatic steatosis [41].

The inverse association between MDS and risk of hepatic steatosis defined by FLI

remained significant after adjusting for BMI only but became imprecise and not significant
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after adjusting for both BMI and waist circumference or for changes in BMI over the follow-
up period. These results suggest the collinearity between the central adiposity and hepatic
steatosis as the central adiposity may partly reflect hepatic steatosis. This biologically
plausible finding is in agreement with previous cross-sectional findings for MDS and
prevalent hepatic steatosis in CoLaus study and the British Fenland Study we reported [27]
and a study in Hong Kong [42]. Our finding that the MDS was negatively associated with an
increase in BMI after 5.3 years of follow-up is consistent with the findings from the
Framingham Heart Study which observed the same trend over 6-year follow-up [28]; and
from Nurses’ Health Study and Health Professionals’ Follow-up Study evaluating 20-year

longitudinal data with repeated self-reported measures of diet and adiposity measures [43].

Sequential subtraction of different components of the MDS showed that fruits, cereals,
dairy products, red or processed meat, or alcohol partially accounted for the observed
association. These findings agree with previous studies [26,28,44,45] including the
Framingham Heart Study suggesting benefits of low consumption of red meat and high
consumption of fruits or whole grains [28]; and a cross-sectional analysis from the
PREDIMED study suggesting the benefit of low consumption of red meat [26]. Moreover, the
Mediterranean diet is characterized by a moderate-to-high consumption of whole grains,

which has been inversely associated with the likelihood of having NAFLD [46].

Possible mechanisms and implications

Hepatic steatosis is associated with a number of metabolic risk factors including
insulin resistance, type 2 diabetes, dyslipidaemia, metabolic syndrome, and oxidative stress
[47]. Mediterranean-diet associated phenolic compounds (phenolic acids and polyphenols)
found in fruits and vegetables and high levels of monounsaturated fatty acids of olive oil have
been shown to inhibit de novo lipogenesis, improve peripheral insulin sensitivity, and reduce
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cardiovascular risk mainly due to their antioxidant, anti-inflammatory, and anti-fibrotic
effects [18,48—51]. Moreover, different components of the Mediterranean diet, including
omega 3 polyunsaturated fatty acids (PUFA), fibre, and antioxidant rich-foods, are inversely
associated with hepatic steatosis [52,53]. One meta-analysis of interventional studies reported
that omega-3 PUFA were negatively associated with hepatic steatosis [54]. The
Mediterranean diet is also low in saturated fat, which has been demonstrated to increase
hepatic triglycerides content and hepatic insulin resistance [55,56]. Finally, the high fibre

content of the Mediterranean diet has been associated with reduced hepatic fat [18,52].

Hepatic steatosis is associated with cardiometabolic diseases and substantially impacts
public health [13,15,16]. Thus, our finding of an inverse association between adherence to the
Mediterranean diet and risk of hepatic steatosis would support the importance of dietary
advice for the prevention of hepatic steatosis as well as its treatment. However, future work
should confirm whether or not the clinical importance of the Mediterranean diet for the

prevention of hepatic steatosis is independent of obesity or central adiposity.

Strengths and limitations

To our knowledge, this is the first European prospective study assessing the
association between the Mediterranean diet and risk of hepatic steatosis. The study had the
benefit of a relatively large sample size and an average of 5.3 years of follow-up, and applied
a definition of the Mediterranean diet that has been shown to be valid in a non-Mediterranean

population [33].

Several limitations of this study merit consideration. Measurement error and recall
bias are inevitable when using self-reported dietary instruments, limiting the ability to
precisely measure adherence to the Mediterranean diet, although adjustment for energy intake

may have reduced the magnitude of measurement error [57]. We used diet data measured only
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at baseline but recognise that intra-individual variation over time might be present which
would be expected to weaken the observed associations and hence our findings may be biased
towards the null. However, in CoLaus, average change in estimated total energy intake from
first to second follow-up was 51 kcal/day and changes for each macronutrient (expressed as %
of total energy intake) were about 1% (data not shown). Thus, dietary intake in CoLaus was
relatively stable, suggesting that the lack of availability of repeat dietary measures is unlikely

to alter our findings substantially.

Our ascertainment of hepatic steatosis was based on two indices, but not on liver
biopsy or direct imaging assessment; hence, information bias (misdiagnosis) cannot be ruled
out. Although liver biopsy is the gold standard for diagnosing hepatic steatosis, its use in
apparently healthy participants would be unethical and unfeasible in a large population-based
study. Further, previous studies have shown that FLI and NAFLD-score can accurately
identify hepatic steatosis with good sensitivity and specificity, and these scores have been
validated for use in large epidemiological studies [36,37,58,59]. But, although both FLI and
NAFLD-score can indicate hepatic steatosis, their precision is variable [60]. Moreover,
presence of steatohepatitis or advanced liver fibrosis could influence the relationship of FLI or
NAFLD-score with hepatic steatosis [61]. Of note, our study was not designed to assess the

role of adherence to the Mediterranean diet in hepatic fibrosis.

Although we adjusted for many relevant confounders and performed a series of
sensitivity analyses, we cannot rule out residual confounding due to unmeasured variables or
covariates measured with error. On the other hand, our adjustment for BMI and WC as
markers of general and central adiposity may potentially be an over-adjustment if adiposity is
on the causal pathway between dietary adherence and hepatic steatosis. However, since FLI
may approximate hepatic steatosis with a degree of imprecision, adjusting for adiposity in

these analyses may not represent adjusting the association between diet and steatosis directly,
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but through a hepatic steatosis index that already includes adiposity measures in its definition.
Nevertheless, our analytical approach is comprehensive, showing the results for crude
analyses, followed by multivariable adjustment without and with further adjustment for
adiposity markers. Future research with repeat measurements should further investigate this
issue. Generalisability of our findings is limited because included participants seemed to be
healthier than those excluded, and our findings were obtained in a single European
population. Still, they confirm the findings from a previous prospective study conducted in the

US [28], and might serve as a reference for other studies.

Conclusion

Adherence to the Mediterranean diet was inversely associated with risk of hepatic
steatosis based on the FLI, and the association was independent of several known risk factors.
Conversely, the association was not observed when using different criteria specifying the
NAFLD-score. These findings support recommendations on following the Mediterranean diet
for hepatic steatosis prevention in addition to the existing evidence for its benefit for
cardiovascular disease prevention. Nonetheless, the findings also highlight the need for
further research with more accurate measures of hepatic steatosis to replicate these findings in

different populations and settings.
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Figure caption
Figure 1 Prospective association of the Mediterranean diet score with the risk of hepatic
steatosis, CoLaus study, Switzerland (n=2288): sensitivity analysis to examine influence of

each component of Mediterranean diet.

Abbreviations: FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease.

Statistical analysis using Poisson regression with robust standard errors; results are expressed
as risk ratios and (95% confidence intervals).

Risk ratio (RR) and 95% confidence intervals (CI) were estimated per one standard deviation
of MDS (overall association) or of each MDS computed after excluding one component.

* Adjusted for age (years), sex, marital status (single, married/cohabiting, and
widowed/Separated/divorced), occupational status (working and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never,
former, and current), energy intake (kcal/day), total energy expenditure (kcal/day), and date of

dietary assessment.
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Table 1 Baseline characteristics of participants according to quintiles of the Mediterranean diet score, CoLaus

study, Switzerland (n=2,288).

Quintiles of Mediterranean diet score*

Characteristic Q1 Q2 Q3 Q4 Q5 P-value*
(n=458) (n=458) (n=457) (n=458) (n=457)

Age (years) 57.1£10.6  56.749.9  56.4£10.5 5549.8 53.748.9 <0.001
Women (%) 59.0 62.9 67.6 66.6 71.1 0.001
Marital status (%) 0.51

Single 17.7 14.2 16.8 17.5 16.4

Married/cohabitant 53.9 55.7 59.1 57.2 57.3

Widowed/separated/div

28.4 30.1 24.1 253 26.3

orced
Employed (%) 57.9 60.3 59.1 68.3 72.0 <0.001
Education (%)

University 19.2 21.6 26.0 31.7 31.1

High school 26.4 28.2 28.4 29.7 29.5

Apprenticeship 39.3 352 34.8 28.2 28.4

Mandatory education 15.1 15.1 10.7 10.5 10.9 <0.001
Current smokers (%) 24.7 21.8 22.3 16.2 15.5 0.014
Alcohol intake (%)

Abstainers 21.8 24.0 25.8 24.7 21.2

Moderate 63.8 66.2 69.4 70.7 76.6

Heavy 14.4 9.8 4.8 4.6 22 <0.001
Total energy intake

1819+£705 18124675  1781+729 1821653  1801+595 0.87
(kcal/day)
Protein (%energy) 15.843.3 15.9+4.1 15.34£3.0 15.243.0 14.742.6 <0.001
Carbohydrates (%oenergy)  45.3+9.2 45.9+9.1 47.3+8.0 47.6+8.2 49.0+7.8 <0.001
Fat (%energy) 33.6+6.5 34.5+6.9 34.6+6.7 34.5+6.5 34.1+6.9 0.11
TEE (kcal/day) 25624589  2600+618  2564+602  2558+555  2589+565 0.84
Metabolic syndrome (%)} 11.8 9.8 12.3 12.7 7.4 0.063
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BMI (kg/m?) 24.0+2.7 23.8+2.9 23.9+3.0 23.6+2.8 23.342.7 0.003

Waist circumference (cm)  85.448.5 84.9+9.4 85.0+9.2 84.0+8.7 82.9+8.6 <0.001

Triglycerides (mmol/l) 1.1+£0.5 1.0£0.5 1.1£0.5 1.0+0.5 1.0+0.5

median (iqr) 1.0 (0.8, 1.3) 0.9 (0.7,1.2) 1.0 (0.7, 1.3) 0.9 (0.7, 1.2) 0.9 (0.7,1.2)  0.009
GGT (UN) 25.0£16.5 25.1+£17.9  23.2+14.5 24.0+¢17.9 21.5¢12.1 0.002

median (iqr) 20 (15,29) 21(15,28) 19(14,28) 19 (14,26) 18(14,25)

=50 (%) 7.4 6.3 5.7 6.1 2.6 0.025
ALT (U/) 21.3+7.8 22.1+8.9 22.549.7 21.3+8.7 21.5+8.7 0.12

median (iqr) 19 (16,25) 20(16,26) 20(16,27) 19 (16,25) 20(16,24)

240 (%) 3.5 5.4 8.3 4.6 3.5 0.005
AST (U/D) 26.0£5.85  26.2+6.5 26.1+6.6 25.8+6.1 25.745.7 0.68

median (iqr) 25(22,29) 25(22,29) 25(21,29) 25(22,29) 25(22,29)

>37 (%) 4.1 8.3 6.3 5.0 4.4 0.038

Abbreviations: TEE, total energy expenditure; BMI, body mass index; iqr, interquartile range; GGT, gamma-
glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

* The population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score. P-values
were computed by using ANOVA for continuous variables and Chi-square test for categorical variables.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

I Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130 mm
Hg or diastolic blood pressure >85 mm Hg or treatment for previously diagnosed hypertension; and fasting

plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes).

33
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Table 2 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland (n=2,¢88).
o
Risk ratio (95% CI) across quintiles of Mediterranean diet score* % Risk ratio
v
4 P-trend (95% CI)
Ql Q2 3 Q4 Q3
8 Per SD increase*
N
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-@.1
v}
N total 458 458 457 458 452
=]
o
Fatty liver index, median (iqr)} 21.8(10.4,37.7)  20.4(9.0,39.4) 18.5(8.9,34.6) 18.1(7.7,33.1) 14.2(6.628.5)
@
o
N cases (score>60) 36 43 35 22 18
3
Unadjusted 1.00 (ref.) 1.19 (0.78,1.82) 0.97 (0.62,1.52) 0.61(0.37,1.02) 0.47 (0.2%, 0.83) 0.001 0.79 (0.70, 0.90)
Multivariable § 1.00 (ref.) 1.11 (0.72,1.72) 1.07 (0.68, 1.66) 0.71 (0.42,1.22) 0.50 (0.2_§? 0.91) 0.006 0.84 (0.73, 0.96)
o
]
Multivariable + BMI 1.00 (ref.) 1.12(0.73,1.71)  0.90 (0.58, 1.39)  0.74 (0.44, 1.24)  0.61 (0.33, 1.09) 0.031 0.85(0.73, 0.99)
(o
3
Multivariable + BMI + WC 1.00 (ref.) 1.07 (0.70, 1.64)  0.90 (0.59,1.37) 0.74 (0.44,1.26) 0.60 (0.3@; 1.08) 0.034 0.85(0.71, 1.02)
3
o
=]
>
NAFLD-score, median (iqr)§ -2.1(-2.4,-1.5) 2.0(-2.4,-1.4)  -2.0(-24,-1.3) -2.1(-2.5,-1.5) -2.1(-28-1.6)
[y
N cases (score>-0.640) 41 46 51 38 372
o
N
Unadjusted 1.00 (ref.) 1.12 (0.75,1.67) 1.25(0.84,1.84) 0.93(0.61,1.41) 0.78 (0.5§, 1.22) 0.17 0.93 (0.82, 1.05)
«Q
Multivariable § 1.00 (ref.) 1.13(0.75,1.70) 1.26 (0.85,1.87) 1.01 (0.65,1.56) 0.80 (O.SE, 1.28) 0.28 0.95 (0.83, 1.09)
Multivariable + BMI 1.00 (ref.) 1.17(0.78, 1.75) 1.17(0.80,1.71) 1.07 (0.69, 1.65) 0.95 (0.6§’, 1.52) 0.71 0.99 (0.86, 1.15)
5]
Multivariable + BMI + WC 1.00 (ref.) 1.12 (0.75,1.67) 1.17 (0.80,1.72) 1.07 (0.70, 1.65) 0.96 (0.6§_, 1.53) 0.80 1.00 (0.86, 1.17)

Aa

Abbreviations: iqr, interquartile range; BMI, body mass index; WC, waist circumference; NAFLD, non-alcoholic fatty liver diseasg,
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Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence ir§ervals).

0]

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standafg’i deviation was 1.20 for the multivariable
analyses.

1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamyl transferase.

Z laquiaoag z

1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (@)rking and not working), education level
v
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcg/day), total energy expenditure (kcal/day),

and date of dietary assessment.

papeoju

§ Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasting serum insulin, fasting serum aspartate-

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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1
2
3
4
5
6
7 . - .
8 FLI, unadjusted model FLI, multivariable adjusted model*
9 RR (95% CI) RR (95% CT)
‘IO Overall association o 0.79(0.68, 0.92) 0.84(0.71,0.99)
Minus vegetables o 0.79(0.68, 0.92) L 0.83(0.70,0.98)
1 Minus legumes 4 ot 0.76 (0.6, 0.89) ot 0.81(068,095)
12 Minus fruits - o 0.82 (0.70, 0.95) 0.86 (0.72,1.02)
13 Minus cereals - o 0.79 (0.68, 0.92) 0.85(0.72,1.01)
Minus dairy - —o— 0.81(0.70, 0.95) 0.86(0.73,1.02)
14 Minus fish 4 o 0.80 (0.68, 0.93) 0.84(0.71, 0.99)
15 Minus red meat - o 0.82 (0.70, 0.95) 0.86(0.73,1.02)
Minus processed meat | —0— 0.84 (0.72,0.97) 0.88 (0.74, 1.04)
16 Minus white meat - ot 0.78 (0.67, 0.91) o 0.82(0.70, 0.97)
17 Minus eggs 1 o= 0.79 (0.68, 0.92) 0.83 (0.70, 0.98)
Minus potatoes - o 0.78 (0.67,0.91) 0.83(0.71,0.99)
1 8 Minus sweets - o=t 0.78 (0.67, 0.91) 0.83(0.70,0.98)
‘|9 Minus alcohol 0= 0.84 (0.72,0.97) 0.88 (0.74, 1.04)
20 Minus olive oil - = =] 0.78 (0.67,0.91) 0.83(0.70,0.98)
1 2 0 1 2
21 RR (95% CI) RR (95% CI)
-score, unadjusted mode -score, multivariable adjusted mode
22 NAFLD djusted model NAFLD Itivariable adjusted model*
23
24 RR (95% CT) RR (95% CT)
25 Overall association 0.93 (0.81, 1.06) =0 0.95(0.82, 1.10)
26 Minus vegetables 0.93 (0.81, 1.06) o 0.94 (0.81,1.08)
Minus legumes - 0.94 (0.82, 1.08) o 0.96 (0.83, 1.11)
27 Minus fruits 0.92 (0.80, 1.05) o+ 0.95 (0.82, 1.10)
28 Minus cereals - 0.92 (0.80, 1.05) Ot 0.94 (0.81, 1.09)
Minus dairy - 0.93 (0.81, 1.06) ot 0.95(0.82, 1.10)
29 Minus fish - 0.93(0.81, 1.07) o1 0.95 (0.82, 1.10)
30 Minus red meat - ’ 0.99(0.87,1.14) - 1.03(0.89, 1.20)
Minus processed meat | o 094 (0.82,1.07) o 0.95(0.83,1.10)
31 Minus white meat - 0.94 (0.82, 1.08) o= 0.97 (0.84,1.12)
32 Minus eggs 0.92(0.81, 1.08) i 0.95(0.82, 1.09)
33 Minus potatoes - 0.90(0.79, 1.03) o 0.92 (0.80, 1.07)
Minus sweets | 0.93(0.81, 1.06) L 0.95(0.82, 1.10)
34 Minus alcohol 0.94 (0.82, 1.07) =0 0.95(0.83,1.10)
35 Minus olive oil - 5 - 3 0.95 (0.83, 1.08) B *-01-4 3 0.97 (0.84,1.12)
36 RR (95%CT) RR (95% CI)
37
38
39 Figure 1 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus
40 study, Switzerland (n=2288): sensitivity analysis to examine influence of each component of Mediterranean
41 diet.
42 Abbreviations: FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease.
43 Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios
44 and (95% confidence intervals).
45 Risk ratio (RR) and 95% confidence intervals (CI) were estimated per one standard deviation of MDS
46 (overall association) or of each MDS computed after excluding one component.
47 * Adjusted for age (years), sex, marital status (single, married/cohabiting, and
widowed/Separated/divorced), occupational status (working and not working), education level (university,
48 high school, apprenticeship, and mandatory education), smoking status (never, former, and current),
49 energy intake (kcal/day), total energy expenditure (kcal/day), and date of dietary assessment.
50
51
52
53
54
55
56
57
58
59
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Figure S1 Sample selection flow chart.

Total original sample (n=5064)

Prevalent hepatic steatosis, either scores high
(n=2036, 40.2%)*

\4

A\ 4

Missing dietary data (n=234, 4.62%)

Missing covariate data or outcome data
(n=506, 10.0%)

A 4

Total analytic sample (n=2288, 45.2%)

* Prevalent hepatic steatosis was defined as having either fatty liver index> 60 OR non-alcoholic fatty liver
disease fatty liver score> -0.640.
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Table S1 Characteristics of the participants included and excluded from the analysis, CoLaus study,
Switzerland.

Included Excluded

*
Characteristic (n=2288) (n=2776) P-value
Age, years 55.8+£10.0 59.4+10.6 <0.001
Women (%) 65.4 43.6 <0.001
Marital status (%)t 0.038
Single 16.5 14.0
Married/cohabiting 56.6 57.4
Widowed/separated/divorced 26.8 28.6
Employed (%) 63.5 50.4 <0.001
Education (%)} <0.001
University 25.9 175
High school 285 23.6
Apprenticeship 33.2 374
Mandatory education 125 214
Current smoker (%) 20.1 23.1 <0.001
Alcohol consumption (%)71 <0.001
Abstainers 235 26.8
Moderate 69.3 63.3
Heavy 7.2 9.9
Total energy intake (kcal/d) 18074673 18531784 0.033
Total protein (% energy) 15.4+3.3 15.6+3.5 0.015
Total carbohydrate (% energy) 47.0+8.6 45.4+9.1 <0.001
Total fat (% energy) 34.316.7 34.4+6.9 0.54
TEE (kcal/d) 2575586 2790+669 <0.001
Metabolic syndrome (%)8§ 10.8 60.9 <0.001
BMI (kg/m?) 23.742.8 28.3+4.8 <0.001
Waist circumference (cm) 84.448.9 98.3112.5 <0.001
Triglycerides (mmol/l) 1.0£0.5 1.6£1.1 <0.001
median (iqr) 0.9(0.7,1.2) 1.4 (1.0, 2.0)
GGT (U/l) 23.8+16.0 48.8+60.8 <0.001
median (iqr) 19 (14, 27) 32 (21, 53)
>50 (%) 5.6 27.5 <0.001
ALT (U/l) 21.848.8 32.5+20.7 <0.001
median (iqr) 20 (16, 25) 27 (20, 38)
>40 (%) 5.0 23.3 <0.001
AST (U/) 25.9+6.2 31.6+14.1 <0.001
median (iqr) 25 (22, 29) 28 (24, 34)
>37 (%) 5.6 204 <0.001

Abbreviations: TEE, total energy expenditure; BMI, body mass index; igr, interquartile range; GGT, gamma-
glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Data are mean + SD for continuous variables or percent for categorical variables, unless otherwise stated.

* P-value calculated using Chi-square test for categorical variables and student’s t-test for continuous variables.
+ Due to some missing data, percentages do not always add to 100%.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

§ Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130
mmHg or diastolic blood pressure >85 mmHg or treatment for previously diagnosed hypertension; and fasting
plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes).
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Table S2 Baseline characteristics of the participants according to the risk of hepatic steatosis defined by the
fatty liver index or the NAFLD-score, CoLaus study, Switzerland.

Page 42 of 54

Risk of hepatic steatosis

FLI NAFLD-score
No Yes P-value* No Yes P-value*
Characteristic (n=2135) (n=153) (n=2080) (n=208)
Age, years 55.8+10.1 54.9+9.5 0.29 55.6+10 57.7+£10.1 0.003
Women (%) 66.8 458 <0.001 66.7 52.9 <0.001
Marital status (%) 0.86 0.79
Single 16.6 15.0 16.7 14.9
Married/cohabiting 56.5 58.2 56.5 58.2
Widowed/Separated/divorced 26.8 26.8 26.8 26.9
Employed (%) 63.3 66.0 0.50 64.5 53.8 0.002
Education (%)t 0.013 0.33
University 26.7 15.0 26.4 20.7
High school 28.3 30.1 28.3 29.8
Apprenticeship 32.6 40.5 32.8 36.5
Mandatory education 12.3 144 124 13.0
Current smoker (%) 19.7 255 0.006 20.3 17.8 0.52
Alcohol consumption (%)1% 0.15 0.001
Abstainers 233 26.1 225 33.7
Moderate 69.7 63.4 70.4 58.7
Heavy 6.9 105 7.1 7.7
Total energy intake (kcal/d) 18004655 19064879 0.062 17944654 19384833 0.003
Protein (% energy) 15.3+3.1 16.1+5.0 0.006 15.3+3.2 16.0+4.1 0.006
Carbohydrate (% energy) 47.1+8.5 45.6+10.1 0.037 47.0£8.5 46.5+9.5 0.36
Fat (% energy) 34.3+6.7 33.8+7.2 0.37 34.2+6.7 34.4+6.6 0.69
TEE (kcal/d) 25524572 29124677 <0.001 25624582 26994616 0.002
Metabolic syndrome (%)8 9.9 229 <0.001 9.8 21.2 <0.001
BMI (kg/m?) 23.5+2.7 26.8+2.6 <0.001 23.5+2.8 26.0+2.5 <0.001
Waist circumference (cm) 83.848.7 93.4+7.0 <0.001 83.7£8.7 92.0+7.4 <0.001
Triglycerides (mmol/l) 1.0£0.5 1.2+0.5 <0.001 1.0+0.5 1.2+0.5 <0.001
median (igr) 09(0.7,1.2) 1.1(0.7,1.2) 0.9(0.7,1.2) 1.1(0.8,1.4)
GGT (U/) 23.1+15.2 32.4+22.2 <0.001 23.3+15.4 28.1+20.6 <0.001
median (igr) 19 (14, 26) 26 (18, 40) 19 (14, 26) 22 (15, 34)
>50 (%) 4.9 15.0 <0.001 5.3 9.1 0.022
ALT (U/1) 21.6+8.8 23.5+8.9 0.013 21.3+8.4 26.0+11.6 <0.001
median (iqr) 19 (16, 25) 21 (17, 28) 19 (16, 25) 23 (18, 30)
>40 (%) 5.0 5.9 0.63 4.5 10.6 <0.001
AST (U/l) 25.9+6.2 26.316.3 0.50 25.9+6.2 26.916.2 0.026
median (igr) 25 (22, 29) 25 (22, 29) 25 (22, 29) 26 (22, 30)
>37 (%) 5.5 7.2 0.39 5.3 8.2 0.096

Abbreviations: TEE, total energy expenditure; FLI, fatty liver index; NAFLD, non-alcoholic fatty liver disease;
BMI, body mass index; igr, interquartile range; GGT, gamma-glutamy| transferase; ALT, alanine
aminotransferase; AST, aspartate Aminotransferase.

Data are mean + SD for continuous variables or percent for categorical variables, unless otherwise stated.

* P-value calculated using Chi-square test for categorical variables and student’s t-test for continuous variables.
+ Due to some missing data, percentages do not always add to 100%.

1 Alcohol consumption categorized as “abstainers” (0 unit/week), “moderate” (1-21 units/week for men, 1-14
for women), and “heavy drinkers” (>21 units/week for men, >14 for women).

§ Metabolic syndrome defined according to the International Diabetic Federation (waist circumference >94 cm
in men and >80 cm in women plus at least two of the following factors: serum triglycerides>1.70 mmol/L or
specific treatment for this lipid abnormality; serum high-density lipoprotein cholesterol <1.03 mmol/L in men
and <1.29 mmol/L in women or specific treatment for this lipid abnormality; systolic blood pressure >130 mm
Hg or diastolic blood pressure >85 mm Hg or treatment for previously diagnosed hypertension; and fasting
plasma glucose >5.6 mmol/L or previously diagnosed type 2 diabetes.
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3 Table S3 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland: ass%sment of influence of other potential
4 covariates. 9
Z Risk ratio (95% CI) across quintiles of Mediterranean diet score* 13 Risk ratio
P-trend 95% CI
7 Q1 Q2 Q3 Q4 §5 Per (SD incre)ase*
8 Range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.6§-12.1
9 N total 458 458 457 458 B7
10 Fatty liver index o
11 Different models S
12 N Cases (score>60) 36 43 35 22 @7
Multivariable (Model 1)} 1.00 (ref.)  1.11(0.72,1.72) 107 (0.68,1.66) 0.71(0.42,1.22)  0.50 ((28,0.91)  0.006 0.84 (0.71, 0.99)
13 Model 1 + Changes in BMI categories§ 1.00 (ref.)  1.11(0.73,1.69) 0.98(0.64,150) 0.73(0.43,1.24) ~ 0.59 (B32,1.06) ~ 0.024 0.85 (0.72, 1.02)
14 Model 1 + Alcohol 1.00 (ref) 1.11(0.72,1.72)  1.06 (0.69,1.65) 0.71(0.41,1.22) 0.50 ((&8,0.91)  0.006 0.84 (0.70, 0.99)
15 Model 1 + Alcohol+ BMII 1.00 (ref)  1.13(0.74,1.73) 0.92(0.59,1.42) 0.76 (0.45,1.29)  0.63 (85, 1.14)  0.047 0.86 (0.72, 1.04)
16 Model 1 + Clinical variables** 1.00 (ref)  1.30(0.80,2.11)  1.20(0.74,1.94)  0.77 (0.43,1.39)  0.57 (080,1.09)  0.023 0.84 (0.70, 1.01)
17 Model 1 + Clinical variables + BMI 1.00 (ref)  1.28(0.79,2.07)  0.94 (0.58,1.52)  0.80 (0.45,1.41)  0.68 ((E36,1.27)  0.076 0.86 (0.71, 1.04)
18 Model 1 + MetSi+ 1.00 (ref)  1.14(0.74,1.75)  1.03(0.66,1.60)  0.68 (0.40,1.16)  0.51 (0528 0.93)  0.005 0.83 (0.70, 0.99)
NAFLD-scorefi =
19 Different models E
20 N Cases (score>-0.640) 41 46 51 38 %2
21 Multivariable (Model 1)} 1.00 (ref.)  1.13(0.75,1.70)  1.26(0.85,1.87)  1.01(0.65,1.56)  0.80 (&0, 1.28) 0.28 0.95 (0.82, 1.10)
22 Model 1 + Changes in BMI categories§ 1.00 (ref)  1.13(0.76,1.69) 1.18(0.80,1.74)  1.04 (0.68,1.60)  0.93 (38, 1.48) 0.65 0.99 (0.86, 1.16)
23 Model 1 + Alcohol 1.00 (ref)  1.11(0.73,1.67) 1.22(0.82,1.82) 097 (0.63,1.51)  0.77 (448, 1.23) 0.21 0.94 (0.81, 1.09)
24 Model 1 + Alcohol+ BMII 1.00 (ref.)  1.16(0.78,1.73)  1.15(0.78,1.68)  1.04(0.68,1.61)  0.93 (&8, 1.48) 0.62 0.99 (0.85, 1.15)
25 Model 1 + Clinical variables** 1.00 (ref.)  1.20(0.78,1.84)  1.32(0.88,1.98)  0.99 (0.64,1.55)  0.85 (G52, 1.37) 0.33 0.95 (0.82, 1.11)
%6 Model 1 + Clinical variables + BMI 1.00 (ref)  1.21(0.80,1.84) 1.19(0.80,1.78)  1.06 (0.69, 1.64)  0.99 (&b1, 1.60) 0.76 0.99 (0.85, 1.16)
57 Abbreviations: SES, socio-economic status; BMI, body mass index; MetS, metabolic syndrome; NAFLD, non-alcoholic fatty Iivergisease' SD, standard deviation; Cl,
confidence interval.
28 Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence n%rvals)
29 * In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standafg deviation was 1.20 for different
30 multivariable analyses. 1Y
31 1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase. 8
32 1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (vworkmg and not working), education level
33 (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kc§/day) total energy expenditure (kcal/day),
34 and date of dietary assessment. m
35 8§ Changes in BMI categories defined as individuals with a normal BMI at baseline and follow-up, individuals with normal BMI at'Basellne and overweight or obese BMI at
36 follow-up, individuals with overweight or obese BMI at baseline and at follow-up, or individuals with overweight or obese BMI a@asellne and normal at follow-up.
37 I Results of further adjustment for waist circumference were broadly in line with of the further adjustment for BMI (data not showrd.
38 **Family history of diabetes (yes/no), high blood pressure (yes/no), high triglyceride level (yes/no), low HDL level (yes/no), and @gh glucose level (yes/no).
39 11 Metabolic syndrome as defined by the International Diabetes Federation (yes/no). g
40 3
41 2
42 & 6
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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11 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fast
aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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o
Table S4 Sensitivity analyses for the associations of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, gwitzerland.

Risk ratio (95% CI) across quintiles of Mediterranean diet score* 9

N Risk ratio
01 Q2 Q3 Q4 ng P-trend (95% ClI)
@ Per SD increase*
Range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9%0-12.1
N total 458 458 457 458 AS7
. . 0]
Fatty liver indext =
. N
Different models Q
N Cases (score>60) 36 43 35 22 o17
Multivariable (Model 1)} 1.00 (ref.)  1.11(0.72,1.72) 1.07 (0.68,1.66) 0.71(0.42,1.22) 0.50[d.28,0.91)  0.006 0.84 (0.71, 0.99)
Excluding alcohol from MDS component 2
Model 1 + Alcohol 1.00 (ref.) 1.64 (1.04,2.58) 1.08 (0.65,1.80) 1.17(0.70,1.96) 0.65@.35,1.18)  0.069 0.86 (0.73, 1.03)
Model 1 + Alcohol + BMI§ 1.00 (ref.) 1.53(0.98,2.39) 0.94(0.57,1.54) 1.08(0.67,1.77) 0.75 g.éll, 1.35) 0.15 0.89 (0.75, 1.06)
Excluding participants with BMI>30I Q
N Cases (score>60) 35 40 28 19 316
Model 1 1.00 (ref.) 1.08(0.69,1.68) 0.90 (0.56,1.46) 0.64(0.36,1.12) 0.50 $.27,0.93)  0.005 0.83 (0.69, 0.98)
Model 1 + BMI§ 1.00 (ref.) 1.02 (0.66,1.58) 0.84 (0.53,1.33) 0.65(0.37,1.14) 0.60 #.33,1.10) 0.031 0.85 (0.70, 1.02)
Excluding participants with excessive alcohol <
consumption** g
N Cases (score>60) 33 42 34 21 o117
Model 1 1.00 (ref.) 1.17(0.75,1.84) 1.12(0.71,1.77) 0.70 (0.40, 1.23) 0.522.28, 0.95)  0.007 0.82 (0.69, 0.98)
Model 1 + BMI§ 1.00 (ref.) 1.17(0.76,1.81) 0.91(0.58,1.42) 0.73(0.42,1.24) 0.64{9.35,1.15)  0.037  0.85(0.71,1.02)
Excluding participants with implausible energy intaket+ §
N Cases (score>60) 33 41 33 22 816
Model 1 1.00 (ref.)  1.19(0.63,2.23) 1.16 (0.61,2.20) 0.87(0.45,1.69) 0.69 @.35,1.38)  0.16  0.85(0.71, 1.01)
Model 1 + BMI§ 1.00 (ref.) 1.13(0.60,2.13) 0.90 (0.47,1.73) 0.81(0.43,153) 0.74@®.37,1.49) 020  0.86(0.72,1.04)
Excluding participants with secondary causes of hepatic >
steatosisf i ES
N Cases (score=>60) 37 42 35 22 =17
Model 1 1.00 (ref) 1.18(0.75,1.85) 1.11(0.70,1.76)  0.78 (0.45,1.34) 0.51{Q.27,0.94)  0.010  0.85(0.71,1.01)
Model 1 + BMI§ 1.00 (ref) 1.17(0.75,1.83) 0.95(0.60,1.50) 0.78(0.46,1.31) 0.63@.34,1.17)  0.050 0.86 (0.72, 1.04)
Excluding participants with diabetes§§ :;_
N Cases (score>60) 35 40 35 22 <16
Model 1 1.00 (ref) 1.06 (0.67,1.66) 1.11(0.71,1.73) 0.74 (0.43,1.27) 0.49%.26, 0.91) 0.009 0.84(0.71,0.998)
Model 1 + BMI§ 1.00 (ref) 1.06 (0.69,1.65) 0.92(0.59,1.43) 0.76(0.45,1.29) 0.58{0.32,1.06)  0.033 0.85(0.71, 1.02)
o
NAFLD-score 11 S
Different models s
N Cases (score>-0.640) 41 46 51 38 ®32
Multivariable (Model 1)} 1.00 (ref)  1.13(0.75,1.70)  1.26(0.85,1.87)  1.01 (0.65, 1.56) 0.28  0.95(0.82,1.10)

0.80@.50, 1.28)
Q
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Model 1 + Alcohol 1.00 (ref)  1.15(0.78,1.71) 0.92 (0.61,1.41) 092 (0.59,1.42) 0.89(3.57,1.38)  0.34 0.93 (0.81, 1.08)

Model 1 + Alcohol + BMI§ 1.00 (ref) 1.15(0.78,1.69) 0.88(0.59,1.32) 0.88(0.57,1.35) 1.02 @.66, 1.57) 0.65 0.96 (0.83, 1.12)
Excluding participants with BMI>30I N

N Cases (score>-0.640) 40 46 44 36 §31

Model 1 1.00 (ref) 1.15(0.76,1.74) 1.12(0.74,1.69) 0.99 (0.63,1.55)  0.8140.5, 1.30) 0.27 0.94 (0.81, 1.09)

Model 1 + BMI§ 1.00 (ref) 1.17 (0.78,1.75) 1.09 (0.73,1.63) 1.07 (0.69,1.67)  0.97%0.6, 1.55) 0.76 0.99 (0.85, 1.15)
Excluding participants with excessive alcohol @
consumption** 0

N Cases (score>-0.640) 38 43 50 37 332

Model 1 1.00 (ref) 1.10(0.73,1.68) 1.28(0.85,1.91) 1.00 (0.64,1.56)  0.80¢9.5, 1.29) 0.32 0.96 (0.83, 1.11)

Model 1 + BMI§ 1.00 (ref) 1.15(0.76,1.74) 1.18(0.80,1.73) 1.06 (0.69,1.65)  0.96%0.6, 1.54) 0.75 1.00 (0.86, 1.17)
Excluding participants with implausible energy intake g

N Cases (score>-0.640) 39 46 48 38 230

Model 1 1.00 (ref.) 1.32(0.75,2.35) 1.48(0.84,2.60) 1.06(0.59,1.91) 1.15{®.64,2.07) 0.92 0.95 (0.82, 1.10)

Model 1 + BMI§ 1.00 (ref.) 1.34(0.76,2.38) 1.35(0.77,2.37) 1.06 (0.59,1.89) 1.29 @.72, 2.33) 0.67 0.99 (0.85, 1.16)
Excluding participants with secondary causes of hepatic
steatosisf i g

N Cases (score>-0.640) 41 46 50 37 231

Model 1 1.00 (ref) 1.19(0.79,1.81) 1.26 (0.84,1.89) 1.06 (0.68,1.65) 0.78 .48, 1.27) 0.25 0.95 (0.82, 1.10)

Model 1 + BMI§ 1.00 (ref) 1.23(0.82,1.85) 1.17(0.79,1.73) 1.11(0.71,1.72) 0.93§.57,152)  0.66 0.99 (0.85, 1.16)
Excluding participants with diabetes§§ 3

N Cases (score>-0.640) 37 43 50 36 230

Model 1 1.00 (ref.)  1.17(0.76,1.79)  1.37 (0.90,2.06) 1.05(0.67,1.66) 0.85 @ 52,1.39)  0.43 0.97 (0.83, 1.12)

Model 1 + BMI§ 1.00 (ref) 1.21(0.79,1.85) 1.26(0.851.87) 1.11(0.71,175 1.01{.62,163)  0.89 1.01 (0.86, 1.18)

O

I\J

se&/(
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Abbreviations: SES, socio economic status; BMI, body mass index; MD, Mediterranean Diet; NAFLD, non-alcoholic fatty liver diSease; SD, standard deviation; Cl,
confidence interval.
Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence Mervals)
* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa® deviation was 1.41 after excluding
alcohol from Mediterranean Diet score components, 1.20 after excluding participants with BMI>30, 1.18 after excluding participargs with excessive alcohol consumption,
1.20 after excluding participants with probable implausible energy intake or after excluding participants with secondary causes of Fﬂepatlc steatosis or diabetes.

+ Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase.
1 Adjusted for age (years), sex, marital status (smgle married/cohabitant, and widowed/Separated/divorced), occupational status (wsorklng and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kc day), total energy expenditure (kcal/day),
and date of dietary assessment.
8 Results of further adjustment for waist circumference were broadly in line with of the further adjustment for BMI (data not shovv@
I Excluded 36 participants with BMI>30 kg/m?.
** Excessive alcohol consumption defined as >21 units per week for men and >14 units per weeks for women; excluded 60 partl(:lf,gants with excess alcohol consumption
(n=2228). o]

+1 Implausible energy intake defined as <500 and <800 kcal or >3,500 or >4,000 kcal in women and men, respectively; excluded 43- participants with probable implausible
energy intake (n=2247).
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11 Secondary causes of hepatic steatosis defined as having hepatitis B, C or HIV, and with hepatotoxic medications (Glucocortico@e, isoniazid, methotrexate, amiodarone,
and tamoxifen); excluded 36 participants with probable secondary causes of hepatic steatosis (n=2252).
§8 Diabetes defined as glycated haemoglobin>48 mmol/mol, or fasting plasma glucose >7.0 mmol/L, or use of hypoglycaemic drug,s or insulin; excluded 26 participants with
probable secondary causes of hepatic steatosis (n=2262).

17 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fastlm serum insulin, fasting serum aspartate-
aminotransferase (AST), and the AST/alanine-aminotransferase ratio.

uo
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Table S5 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland: sengitivity analysis while excluding

participants with only one of the indices high at baseline and using hepatic steatosis index as an alternative score. 9
Risk ratio (95% CI) across quintiles of Mediterranean diet score* 13 Risk ratio
P-trend (95% ClI)
Ql Q2 Qs Q4 (§ Per SD increase *
range 1.83-7.64 7.64-8.34 8.35-8.92 8.93-9.57 9.5832.18
N total (n=2652) 531 530 531 530 580
Fatty liver index, median (igr)f 234 (11.1,41.4) 241 (106,44.7)  22.3(9.9,39.7) 20.2 (8.4, 38.4) 17.5 (73, 34.5)
N cases (score>60) 51 56 54 35 B
Unadjusted 1.00 (ref.) 110(0.77,1.58)  1.06(0.74,152)  0.69(0.45,1.04)  0.47 (0.89,0.75) <0.001 0.79 (0.69, 0.89)
Multivariable § 1.00 (ref.) 1.12(0.77,163)  1.25(0.86,1.81)  0.88(0.57,1.35)  0.56 (0.8, 0.92) 0.011 0.86 (0.74, 0.99)
Multivariable + BMI 1.00 (ref.) 1.08(0.75,154)  0.99(0.70,1.41)  0.85(0.56,1.30)  0.59 (0.8, 0.96) 0.017 0.84 (0.73, 0.98)
Multivariable + BMI & WC 1.00 (ref.) 1.01(0.71,1.45)  0.99 (0.70,1.40)  0.84 (0.56,1.28)  0.58 (0.85, 0.95) 0.019 0.84 (0.72, 0.98)
o
range 1.83-7.56 7.57-8.29 8.30-8.88 8.89-9.53 9.5432.12
N total (n=2568) 514 514 513 514 5
NAFLD-score, median (iqr)§ -1.9 (-2.4, -1.3) -1.8(-2.3,-1.2) -1.9 (-2.4, -1.3) -2.0(-25,-1.3) -2.1 (-2, -1.6)
N cases (score>-0.640) 63 70 67 59 3B
Unadjusted 1.00 (ref.) 1.11(0.81,1.53)  1.07 (0.77,1.47)  0.94 (0.67,1.31)  0.60 (0%.1, 0.89) 0.006 0.88 (0.79, 0.99)
Multivariable % 1.00 (ref.) 1.16(0.83,1.62) 1.16(0.83,1.61) 1.02(0.72,1.46)  0.66 (04, 1.00) 0.039 0.92 (0.81, 1.04)
Multivariable + BMI 1.00 (ref.) 127(091,176) 1.24(0.89,1.72) 1.16(0.81,1.65) 0.84 (0.5, 1.28) 0.34 0.98 (0.87, 1.11)
Multivariable + BMI & WC 1.00 (ref.) 1.25(0.90,1.73)  1.24(0.89,1.72) ~ 1.16(0.82,1.65)  0.83 (0.34,1.27) 0.34 0.99 (0.87, 1.12)
(@]
range 1.83-7.15 7.16-8.07 8.08-8.76 8.77-9.47 9.48-&2.18
N total (n=2351) 471 470 470 470 4%
Hepatic steatosis index, median (iqr)t 32.4(30.5,344)  323(30.3,346) 325(30.4,345) 326(30.6,344) 324 (3@B, 34.1)
N cases (score>36) 166 123 120 120 183
Unadjusted 1.00 (ref.) 0.74(0.61,0.90)  0.72 (0.59,0.88)  0.72(0.59,0.88)  0.62 (0.8, 0.76) <0.001 0.85 (0.79, 0.90)
Multivariable 1.00 (ref.) 0.77(0.61,0.96)  0.79 (0.63,1.00)  0.83(0.65,1.04)  0.70 (0.55, 0.91) 0.070 0.90 (0.82, 0.98)

Page 48 of 54

Abbreviations: igr, interquartile range; SES, socio-economic status; BMI, body mass index; WC, waist circumference; NAFLD, ndd-alcoholic fatty liver disease.

Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence irgervals).

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standagi deviation was 1.21 for the multivariable
analyses.

+ Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy!| transferase.
1 Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (\Borklng and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kc:{-!/day) total energy expenditure (kcal/day),
and date of dietary assessment.
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Table S6 Prospective association of the Mediterranean diet score with the risk of hepatic steatosis, CoLaus study, Switzerland (n=1%

participants with either indices high (using FL1>30 instead of FLI1>60).

BMJ Open

32), Sensitivity analysis while excluding
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Risk ratio (95% CI) across quintiles of Mediterranean diet score* Risk ratio
P-trend (95% ClI)
Ql Q2 Q3 Q4 Qg Per SD increase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-@.1
N total 327 326 327 326 328
Fatty liver index, median (iqr)T 14.9 (7.6, 24.8) 12.7 (7.4, 23.7) 12.3 (5.5, 22.3) 11.8 (6.3, 22.7) 10.2 (5. ?.}’21 8)
N cases (score>60) 9 5 2 2 33
Unadjusted 1.00 (ref.) 0.56 (0.19, 1.65) 0.22 (0.05, 1.02) 0.22 (0.05, 1.02) 0.33 (0.0g 1.22) 0.047 0.66 (0.45, 0.97)
Multivariable } 1.00 (ref.) 0.63(0.20,2.00)  0.14(0.02,0.96)  0.27(0.05,1.32)  0.39 (0.0 1.68) 0.096 0.72 (0.47, 1.10)
Multivariable + BMI 1.00 (ref.) 0.68(0.22,2.05) ~ 0.13(0.02,0.98) ~ 0.26(0.06,1.15)  0.41(0.1§, 1.70) 0.087 0.73 (0.48, 1.11)
Multivariable + BMI + WC 1.00 (ref.) 050(0.18,1.42)  0.12(0.01,0.98)  0.22(0.051.03)  0.39 (0.08 1.67) 0.093 0.71 (0.46, 1.09)
o
NAFLD-score, median (iqr)§ -2.2(-2.5,-1.8) -2.2(-2.5,-1.7) -2.2(-2.5,-1.8) -2.2(-2.6,-1.8) 2.2 (-2.8 -1.8)
N cases (score>-0.640) 13 14 10 13 1Z
Unadjusted 1.00 (ref.) 1.08(0.52,2.26)  0.77(0.34,1.73)  1.00(0.47,2.13)  0.93 (0.43, 2.00) 0.79 0.94 (0.73, 1.20)
Multivariable } 1.00 (ref.) 1.13(0.55,2.32)  0.79(0.35,1.76)  1.10(0.52,2.34)  0.98 (0.45 2.15) 0.94 0.95 (0.73, 1.24)
Multivariable + BMI 1.00 (ref.) 1.25(0.60,2.60)  0.81(0.36,1.84)  1.20(0.56,258) 113 (0.5% 2.52) 0.82 0.98 (0.75, 1.28)
Multivariable + BMI + WC 1.00 (ref.) 1.17(0.57,2.44)  0.85(0.37,1.93)  1.13(0.52,2.45)  1.12 (0.5 2.53) 0.84 0.98 (0.75, 1.28)

Abbreviations: igr, interquartile range; BMI, body mass index; WC, waist circumference; NAFLD, non-alcoholic fatty liver diseasg.
Statistical analysis using Poisson regression with robust standard errors; results are expressed as risk ratios and (95% confidence irervals).

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa@i deviation was 1.21 for the multivariable

analyses. 3
1 Calculated based on an algorithm including BMI, waist circumference, triglycerides, and gamma-glutamy! transferase. S

I Adjusted for age (years), sex, marital status (single, married/cohabiting, and widowed/Separated/divorced), occupational status (\&orking and not working), education level
(university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intake (kcﬁlday) total energy expenditure (kcal/day),

and date of dietary assessment. S
8 Calculated based on an algorithm including presence of the metabolic syndrome and type 2 diabetes, and concentrations of fasting serum insulin, fasting serum aspartate-

aminotransferase (AST), and the AST/alanine-aminotransferase ratio.
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Table S7 Association of the Mediterranean diet score with change in BMI and waist circumference, CoLaus study, Switzerland.

B coefficient (95% CI ) across quintiles of Mediterranean diet score*

B coefficient

quisbdqa 2z uo FS6070-0202-uadolw

P-trend 95% ClI
Q1 Q2 Q3 Q4 Q5 Per EQ,D incre)ase*
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-12
N total 458 458 457 458 457
ABMI, meantSD+ 0.48 +1.62 0.61+1.53 0.42+1.44 0.50 +1.52 0.40 +1.59
Multivariable § 1.00 (ref)  0.12(-0.08,0.33)  -0.08 (-0.28,0.13)  -0.04 (-0.25,0.16)  -0.16 (-0.37, %04) 0.038  -0.08 (-0.15, -0.02)
o
AWaist circumference, mean+SD§ 1.04 +£6.53 0.74 + 6.42 0.19 £ 6.00 0.57 +6.33 0.17 +6.19
Multivariable 1.00 (ref.)  -0.51(-1.36,0.34)  -0.85 (-1.69,0.00) -0.47 (-1.32,0.38) -0.82(-1.68,803)  0.10  -0.33 (-0.61, -0.06)

Abbreviations: BMI, Body mass index.

Statistical analysis using linear regression; results are expressed as 3 coefficients and (95% confidence intervals).

* |n categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standa
multivariable analyses.

+ Calculated by subtracting BMI at baseline from BMI at follow-up.

1y wouRapeo|y

deviation was 1.20 for the

1 Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (\ﬂorking and not working), education
level (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy mtakg(kcal/day) total energy

expenditure (kcal/day), and date of dietary assessment.
8 Calculated by subtracting waist circumference at baseline from waist circumference at follow-up.
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Table S8 Association of the Mediterranean diet score with the GGT, ALT, and AST, CoLaus study, Switzerland.
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B coefficient (95% CI) across quintiles of Mediterranean diet score* B coefficient
P-trend (95% CI)
Ql Q2 Q3 Q4 Q5 Per SD increase *
range 1.83-7.63 7.64-8.35 8.36-8.92 8.93-9.59 9.60-12.12
N total 458 458 457 458 457
GGT (U/l), median (iqr) 21 (15, 29) 20 (14, 29) 19 (14, 26) 18 (14, 28) 17 (13, 26)
Multivariable T 1.00 (ref.) -2.63 (-9.01, 3.76) -5.71 (-12.07, 0.66) -4.24 (-10.64, 2.16) -6.03 (-12.45, 0.38) 0.063 -1.53 (-3.60, 0.53)
Multivariable + BMI 1.00 (ref.) -2.86 (-9.24, 3.53) -5.70 (-12.06, 0.66) -4.50 (-10.90, 1.90) -6.52 (-12.95, -0. %) 0.047 -1.66 (-3.73, 0.41)
Multivariable + BMI & WC 1.00 (ref.) -2.93 (-9.32, 3.45) -5.72 (-12.08, 0.64) -4.54 (-10.94, 1.86) -6.53 (-12.96, -0. B)) 0.047 -1.65 (-3.72, 0.41)
o
ALT (U/1), median (igr) 20 (16, 26) 20.5 (17, 26) 20 (16, 26) 19.5 (16, 25) 20 (16, 25) %
Multivariable t 1.00 (ref.) 0.03 (-0.02, 0.08) 0.03 (-0.02, 0.08) -0.013 (-0.06, 0.04) 0.002 (-0.05, 0. Og) 0.45 -0.006 (-0.02, 0.01)
Multivariable + BMI 1.00 (ref.) 0.04 (-0.01, 0.08) 0.03 (-0.02, 0.08) -0.009 (-0.06, 0.04) 0.008 (-0.04, 0.08) 0.60 -0.005 (-0.02, 0.01)
Multivariable + BMI & WC 1.00 (ref.) 0.04 (-0.01, 0.08) 0.03 (-0.02, 0.08) -0.01 (-0.06, 0.04) 0.008 (-0.04, 0.08) 0.60 -0.005 (-0.02, 0.01)
AST (U/l), median (iqr) 22 (19, 25) 22 (19, 26) 22 (19, 25) 22 (19, 26) 22 (19, 25) %
Multivariable 1.00 (ref.) 0.02 (-0.01, 0.06) 0.004 (-0.03, 0.04) 0.011 (-0.03, 0.05) 0.015 (-0.02, 0.05) 0.66 0.003 (-0.01, 0.01)
Multivariable + BMI 1.00 (ref.) 0.02 (-0.02, 0.06) 0.004 (-0.03, 0.04) 0.009 (-0.03, 0.04) 0.011 (-0.03, 0.85) 0.80 0.002 (-0.01, 0.01)
Multivariable + BMI & WC 1.00 (ref.) 0.02 (-0.02, 0.06) 0.004 (-0.03, 0.04) 0.009 (-0.03, 0.04) 0.011 (-0.03, 0.08) 0.80 0.002 (-0.01, 0.01)

Abbreviations: igr, interquartile range; GGT, gamma-glutamyl transferase; SES, socio economic status; BMI, body mass index; V\@ waist circumference; ALT,
Alanine transaminase; AST, aspartate-aminotransferase.

Statistical analysis using linear regression; results are expressed as B coefficients and (95% confidence intervals).

]
@
3

* In categorical analysis, the population was divided into five groups by quintiles (Q1-Q5) of the Mediterranean diet score; Standaﬁj deviation was 1.20 for the

multivariable analyses.

+ Adjusted for age (years), sex, marital status (single, married/cohabitant, and widowed/Separated/divorced), occupational status (\iorklng and not working), education
level (university, high school, apprenticeship, and mandatory education), smoking status (never, former, and current), energy intakg (kcal/day), total energy
expenditure (kcal/day), and date of dietary assessment.
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