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Abstract

Nutrition is an important modifiable factor in metabolic dysfunction-associated steatotic liver
disease (MASLD); however, the role of dietary intake and eating habits in its pathogenesis remains
unclear. This case–control study aimed to investigate the associations of dietary intake and eating
habits withMASLD. A total of 111 individuals (fifty-six cases and fifty-five controls), aged 18–65
years, who attended a diet clinic between March and July 2021 were included. Food frequency
data, 3-d dietary records, anthropometric measurements and body composition analyses were
obtained. Compared with controls, cases had lower rates of regular breakfast consumption and
olive oil use and more frequent use of frying and roasting cooking methods (P< 0·05). The case
group also had lower Ca intake, lower proportions of energy from fat, MUFA and PUFA, and
higher total energy intake, carbohydrate intake and n-6/n-3 ratio (P< 0·05). After adjustment for
age, sex and daily energy intake, lower intake of protein (<1 g/kg/d; OR: 5·70, 95 % CI: 1·46–
22·17), fish (<1 serving/week; OR: 4·51, 95% CI: 1·45–14·05), legumes (<2 servings/week; OR:
6·03, 95 %CI: 1·96–18·56) and fruit (<2 servings/d; OR: 6·20, 95%CI: 2·02–18·98) was associated
with higher odds of MASLD. In the model additionally adjusted for BMI, associations for fish,
legumes and fruit remained significant, whereas the association with protein intake was
attenuated. These findings suggest that specific dietary components are associated with MASLD.
However, due to the cross-sectional design of the study, causal inferences cannot be made.

Metabolic dysfunction-associated steatotic liver disease (MASLD) is characterised by excessive
TAG accumulation in the liver in the presence of at least one cardiometabolic risk factor and in
the absence of significant alcohol consumption(1). It is estimated that it affects approximately
10 % of children and 25 % of adults worldwide(2). The pathogenesis of MASLD, the most
common chronic liver disease worldwide, has not been fully elucidated(3,4). Insulin resistance is
thought to be a key factor in the pathogenesis of MASLD by promoting hepatic lipid flux and
excessive production of reactive oxygen species(5,6). However, nutritional factors, gut microbiota
and genetic predisposition are also thought to contribute to disease pathogenesis(7,8).

Given its increasing prevalence and associated complications, MASLD has become a global
health issue(9). Lifestyle changes involving healthy eating, physical activity and weight loss are
cornerstones of MASLD treatment(10). As MASLD is closely associated with obesity, it has been
reported that a≥5% reduction in body weight is associated with improvement in steatosis(1).
Nutrition is an importantmodifiable risk factor in the development ofMASLD(9). However, studies
have generally focused on reducing energy intake(5,11), and the role of eating habits and the nutrient
content of the diet in disease pathogenesis remains unclear(9). The relationship between nutrition
andMASLD is too complex to be simplified to energy intake or weight loss(12). A study found that
an average weight loss of 5 % achieved through a low-energy diet did not result in a significant
improvement in the degree of hepatosteatosis in MASLD patients, even though their intake of
antioxidant vitamins and minerals remained unchanged(5). In a study conducted with MASLD
patients, it was found that nutraceutical supplementation (vitamin E, L-glutathione and silymarin)
in addition to a hypocaloricMediterranean diet for 3months resulted in a significant improvement
in the degree of hepatosteatosis compared with the hypocaloric Mediterranean diet alone(13).

These findings support the need for further research to better understand the relationship
between foods, nutrients andMASLD beyond energy restriction alone(9,10). Therefore, this study
aimed to investigate the association of dietary intake and eating habits with MASLD.

Methods

Participants and study design

This case–control study was conducted between March and July 2021 among individuals
attending the Diet Clinic at Konya Cihanbeyli State Hospital. The case group consisted of
individuals diagnosed with MASLD, while the control group included individuals without a
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diagnosis of MASLD. Control participants were recruited from
individuals attending the same clinic for conditions such as
hyperlipidaemia, insulin resistance, hypertension, obesity or general
nutrition counselling and had no known liver disease. The required
sample size was calculated as 104 using G*Power software based on
previous studies(14), assuming an effect size of 0·72, α= 0·05 and
95% power. A total of 111 participants were included, comprising
fifty-six cases and fifty-five controls.

Eligible participants were adults aged 18–65 years who had
undergone liver ultrasonography and biochemical testing within
the previous month. Exclusion criteria included pregnancy or
lactation; use of oral antidiabetic drugs, insulin, corticosteroids,
oral contraceptives or hepatotoxic medications; diagnosis of
cancer, renal disease or type 1 diabetes within the previous 5
years; history of chronic liver disease other than MASLD; sig-
nificant alcohol consumption (>30 g/d for men and >20 g/d for
women); serious psychiatric disorders; adherence to medically
prescribed or restrictive diets (such as weight-loss or disease-
specific diets) during the previous year and regular use of dietary
supplements, including vitamin–mineral supplements, herbal
products, probiotics or prebiotics, within the previous 4 months.

These exclusion criteria were applied to minimise potential
confounding factors that could influence habitual dietary intake and
metabolic parameters. In particular, individuals using oral anti-
diabetic medications were excluded because these medications may
affect glucose levels, insulin resistance and liver-related outcomes.
The flow chart of the study is presented in Figure 1. The study
protocol was approved by the Ethics Committee of Gazi University
(11.12.2020-E.133134). Written informed consent was obtained
from all patients.

Diagnosis of metabolic dysfunction-associated steatotic liver
disease

Hepatic steatosis was assessed by abdominal ultrasonography
performed by a radiologist. MASLD was diagnosed in individ-
uals with hepatic steatosis, absence of significant alcohol
consumption and at least one cardiometabolic risk factor, in
accordance with the European Association for the Study of the
Liver clinical practice guidelines(1). Cardiometabolic risk factors
included overweight or obesity, dysglycaemia or type 2 diabetes,
plasma TAG levels ≥150 mg/dL and HDL-cholesterol levels
≤39 mg/dL in men or ≤50 mg/dL in women. Participants in the
control group had no evidence of hepatic steatosis or other
known liver abnormalities.

Collection of sociodemographic and health data

Participants who agreed to participate and met the inclusion
criteria were interviewed face-to-face using a structured ques-
tionnaire. Socio-demographic characteristics and health-related
information were collected during these interviews.

Assessment of anthropometric measurements and body
composition

Height (m), body weight (kg), waist circumference (cm) and body
composition were measured at the Diet Clinic using a stadiometer,
a Tanita DC-360 body composition analyser and a non-stretch
measuring tape, following standard procedures(15). BMI was
classified according to the WHO criteria(16). Waist circumference

139 participants attending the diet clinic with abdominal ultrasound and biochemical test results

from the previous month who agreed to participate

Excluded:

Use of oral antidiabetic medications (n7), oral

contraceptives (n1), corticosteroids (n1), or

hepatotoxic drugs (n1)

Generalised anxiety disorder (n3)

Following a weight-loss diet (n2)

60 control participants and 64 participants with MASLD

Assessment of socio-demographic and health characteristics

Assessment of eating habits and food group consumption frequency

Anthropometric and body composition measurements

Completion of 3-d food and 2-d physical activity records at home

Excluded:

Eight participants with MASLD and five controls due to non-

submission or incomplete submission of food and/or

physical activity records within 10 days forms, were

excluded from the study.

Fifty-five control participants and fifty-six

participants with MASLD

Figure 1. Flow diagram of the study.
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and waist-to-height ratio were evaluated according to the WHO
classification(17) and the Ashwell classification(18), respectively.

Assessment of physical activity

Physical activity levels were assessed using a 24-h Physical Activity
Record Form completed for one weekday and one weekend day.
Participants were asked to complete the forms and return them
within 10 d of the interview.

BMR was estimated using the Harris–Benedict equation(19).
Total energy expenditure was calculated based on the duration and
intensity of recorded physical activities using gender-specific
physical activity ratios(20). Physical activity level was calculated by
dividing total energy expenditure by BMR. Physical activity level
values of 1·40–1·69 were classified as sedentary, 1·70–1·99 as
moderately active, and 2·00–2·40 as highly active(20).

Biochemical parameters

Biochemical test results obtained within 1 month prior to the
interview were used in the study. The evaluated biochemical
parameters included fasting glucose, insulin, total cholesterol,
HDL-cholesterol, TAG, alanine aminotransferase, and aspartate
aminotransferase. Participants with a homeostatic model assess-
ment of insulin resistance value ≥2·5 were considered to have
insulin resistance(21).

Assessment of eating habits and dietary intake

Information on participants’ eating habits, including breakfast
consumption and eating speed, was collected using a structured
questionnaire. Food group consumption over the previous month
was assessed using an eighty-two-item FFQ based on the ‘Standard
Portion Sizes and Quantities of Foods by Food Group for Türkiye’
included in the Türkiye Dietary Guidelines-2022 (TDG-2022)(22).
Adherence to TDG-2022 recommendations was evaluated by
comparing participants’ reported food group consumption with
the age- and sex-specific recommended portion sizes(22).

Participants were also asked to complete 3-d 24-h food records,
including two weekdays and one weekend day, and return them
within 10 days of the interview. Dietary records were analysed
using the Nutrition Information System (BeBIS) software devel-
oped for Türkiye(23), and mean daily energy and nutrient intakes
were calculated.

Statistical analysis

Data normality was assessed using the Shapiro–Wilk test, and
homogeneity of variances was evaluated using Levene’s test.
Normally distributed continuous variables are presented asmean±
standard deviation, whereas non-normally distributed variables
are presented as median and interquartile range. Categorical
variables are expressed as frequencies and percentages. Student’s
t-test or Mann–Whitney U test was used for comparisons of
continuous variables, as appropriate. The χ2 test was used to
compare categorical variables between groups.

Associations between dietary factors and MASLD were
evaluated using logistic regression analysis. Dietary variables were
categorised according to mean intake values and recommended
intake levels for healthy adults based on the TDG-2022(22). These
dichotomised variables were included in univariate and multi-
variable logistic regression models. Twomultivariable models were
constructed. Model 1 was adjusted for age, sex and daily energy
intake. Model 2 was additionally adjusted for BMI, considering its

potential role as a mediator in the association between dietary
factors and MASLD. Since BMI may lie on the causal pathway,
adjustment for BMI may result in overadjustment; therefore,
model 2 was considered a sensitivity analysis.

A two-tailed P< 0·05 was considered statistically significant.
All analyses were performed using SPSS version 26.0 for Windows
(SPSS Inc.).

Results

This study included 111 participants (fifty-six cases and fifty-five
controls). Socio-demographic and health-related characteristics
are presented in Table 1. Cases were significantly older than
controls (P< 0·001). No significant differences were observed
between groups in terms of sex, income level or smoking status.
Higher education level was more common among controls,
whereas beingmarried and living in rural areas were more frequent
among cases (P< 0·05). Comorbid conditions, including type 2
diabetes, hyperlipidaemia, hypertension, insulin resistance and
obesity, were more prevalent in the case group (P< 0·001).

Anthropometric, body composition, physical activity and
biochemical findings are summarised in Table 2. Anthropometric
measures and adiposity indicators were significantly higher among
cases, accompanied by higher body fat percentage and lower fat-
free mass percentage. Biochemical findings supported these
differences, with higher insulin resistance, fasting glucose and TAG
levels and lower HDL-cholesterol levels in the case group. Liver
enzyme levels (alanine aminotransferase and aspartate amino-
transferase) were also elevated (all P< 0·001). Cases had a higher
proportion of sedentary individuals and lower physical activity
level values compared with controls (P< 0·001). The energy intake
to basal metabolic rate (EI/BMR) ratio did not differ significantly
between groups (P= 0·100).

Eating habits differed between groups, as shown in Table 3.
Regular breakfast consumption and the use of cooking methods
such as boiling, grilling and baking were more common among
controls, whereas frying and roasting were more frequent in the
case group (p< 0·05). Olive oil consumption was higher among
controls. Coffee consumption was also higher among controls,
while other eating behaviours, including eating speed, salt pref-
erence, eating out and night eating, did not differ between groups.

Adherence to TDG-2022 recommendations is presented in
Figure 2. Compliance with recommendations for dairy products,
fish, legumes and fruit was lower among cases compared with
controls (P< 0·05). In contrast, grain consumption markedly
exceeded recommended levels in the case group (P< 0·001). No
significant differences were observed between groups for meat,
eggs or vegetable consumption.

Daily energy and nutrient intake are presented in Table 4. Total
energy intake and carbohydrate consumption were higher in the
case group, along with higher free sugar intake (P< 0·001).
In contrast, the relative contribution of protein and fat to total
energy intake, as well as protein intake per kilogram, was lower
among cases (P< 0·05). The quality of fat intake also differed, with
a lower proportion of energy derived from unsaturated fatty acids
and a higher n-6/n-3 ratio in the case group. Ca intake was sig-
nificantly higher among controls, while other micronutrient
intakes did not differ between groups.

Logistic regression analyses are presented in Table 5. In crude
analyses, several dietary factors were associated with MASLD. After
adjustment for age, sex and energy intake (Model 1), lower intake of
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protein (per kg), fish, legumes and fruit remained associated with
higher odds ofMASLD (P< 0·05). Inmodel 2, additionally adjusted
for BMI, lower consumption of dairy products, fish, legumes and
fruit remained associated with higher odds of MASLD, whereas the
association with protein intake was no longer significant.

Discussion

This study examined dietary intake and eating habits in relation to
MASLD, identifying several dietary factors that may be associated
with the disease.

Eating habits

Significant differences were observed between groups in several
dietary behaviours. Regular breakfast consumption was less
common among cases. Skipping breakfast has been reported to
reduce diet quality and to be associated with oxidative stress,
chronic inflammation, and a higher risk of MASLD(24) and other
metabolic disorders(25). It has also been associated with increased
severity of steatosis and fibrosis in patients with fatty liver dis-
ease(26). Conversely, regular breakfast consumption may exert
beneficial effects on MASLD by improving glycaemic control and
lipid profile(24,26), as well as by supporting circadian rhythm(24,25)

and energy homeostasis(24). Differences in cooking practices were
also evident, with frying and roasting more frequent among cases.
Fried food consumption has been associated with higher odds of
MASLD, potentially through increased production of compounds
such as advanced glycation end products and trans fatty acids(27,28).
In addition, olive oil consumption was lower among cases. Olive
oil, a key component of the Mediterranean diet, is rich in MUFA
and has been associated with lower odds of MASLD(7,29).

Coffee consumption was higher among controls. Coffee con-
tains several bioactive compounds, including caffeine, chlorogenic
acids and diterpenes such as cafestol and kahweol, which may
influence liver metabolism(30,31). However, the effects of coffee may
vary depending on the source and preparation method, making its
overall impact on liver health difficult to determine(30). A meta-
analysis reported no significant association between coffee con-
sumption and MASLD prevalence, but suggested a potential
association with reduced fibrosis risk(32).

Food groups

Participants withMASLD had lower adherence to recommended
intakes of dairy products, fish, legumes, and fruit, while
exceeding recommended grain consumption, suggesting a less
favorable dietary pattern. Lower dairy intake among cases is
consistent with previous studies reporting both reduced con-
sumption in MASLD patients(27) and an association between
dairy intake and lower odds of MASLD(2,33). The potential
benefits of dairy products may be related to their Ca content,
which has been linked to increased fat oxidation(9), as well as
their effects on inflammation and gut microbiota, particularly
through probiotic components(33,34). In addition, milk proteins
such as casein may exert insulinotropic effects and positively
influence lipid metabolism(35).

Lower consumption of fish, legumes and fruit among cases is
also supported by previous literature. Fish intake, particularly due
to its n-3 fatty acid content, has been associated with improve-
ments in lipid metabolism and inflammation(8,9). Similarly, higher
legume consumption has been linked to lower MASLD risk,
potentially through beneficial effects on glucose and lipid
metabolism(36). Fruit consumption may contribute to improved
metabolic health through bioactive phytochemicals that influence
key pathways related to obesity, dyslipidaemia and diabetes(37).
Grain consumption exceeded recommended levels among cases;
however, the lack of differentiation between whole and refined
grains limits interpretation. This distinction is important, as whole
grain intake has been associated with lower odds of MASLD(9),
whereas refined grains have been linked to higher odds(12).
Therefore, the findings related to grain consumption should be
interpreted with caution, and future studies should distinguish
between grain subtypes.

Table 1. Socio-demographic and health characteristics of the participants

Total
(n 111)

Cases
(n 56)

Controls
(n 55)

Characteristics n % n % n % Pa

Age (years) <0·001

Mean 35·8 41·9 29·5

SD 12·3 12·3 8·6

Gender 0·202

Females 66 59·5 30 53·6 36 65·5

Males 45 40·5 26 46·4 19 34·5

Education
(duration)

<0·001

<12 year 48 43·3 38 67·9 10 18·2

≥12 year 63 56·7 18 32·1 45 81·8

Income level 0·269

Less than expenses 27 24·3 10 17·8 17 30·9

Equal to expenses 41 36·9 23 41·1 18 32·7

More than expenses 43 38·7 23 41·1 20 36·4

Marital status 0·021

Married 76 68·5 44 78·6 32 58·2

Single 35 31·5 12 21·4 23 41·8

Place of residence 0·014

Urban 86 77·5 38 67·9 48 87·3

Rural 25 22·5 18 32·1 7 12·7

Current smoking 30 27·0 15 26·8 15 27·3 0·954

Comorbidity*

Type 2 diabetes 21 18·9 19 33·9 2 3·6 <0·001

Hyperlipidaemia 46 41·4 39 69·6 7 12·7 <0·001

Hypertension 22 19·8 19 33·9 3 5·5 <0·001

Insulin resistance 53 47·7 38 67·9 15 27·3 <0·001

Obesity 59 53·1 46 82·1 13 23·7 <0·001

Dietary
supplement use

Yes 34 30·6 14 25 20 36·4 0·194

No 77 69·4 42 75 35 63·6

n: Number, %: Percentage.
aMann–Whitney U test was used for age, and the χ2 test was used for categorical variables.
*Multiple comorbidities could be reported; percentages were calculated based on the sample
size of each group.
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Energy and nutrient intake

Energy intake was higher among cases, consistent with previous
studies linking excess energy intake to obesity and MASLD(38–40).
It has been reported that reducing dietary energy intake is a critical

factor in reducing fat accumulation in the liver(8,13,39). Increased
carbohydrate intake may contribute to intrahepatic TAG accu-
mulation through de novo lipogenesis and inflammatory
pathways(39,41).

Table 2. Anthropometric measurements, body composition, physical activity, biochemical findings and energy-related characteristics of the participants

Total (n 111) Cases (n 56) Controls (n 55)

Anthropometric measurements and body composition Mean SD Mean SD Mean SD P*

Body weight (kg) 85·9 20·1 98·0 16·7 73·6 15·4 <0·001

BMI (kg/m2) 31·0 7·1 35·4 5·4 26·4 5·7 <0·001

Waist circumference (cm) 99·6 15·7 110·3 10·8 88·7 12·1 <0·001

Waist-to-height ratio 0·59 0·09 0·66 0·06 0·53 0·07 <0·001

Body fat (%) 34·0 11·1 38·6 9·2 29·2 10·8 <0·001

Fat-free mass (%) 66·0 11·1 61·3 9·2 70·7 10·8 <0·001

Total body water (%) 47·3 7·3 44·2 6·0 50·4 7·3 <0·001

Physical activity level

Sedentary (PAL 1·40–1·69), n (%). <0·001†

n 40 29 11

% 36·0 51·8 20·0

PAL 1·74 0·13 1·70 0·12 1·79 0·12 <0·001

Energy-related characteristics

BMR (kcal/day) 1731·8 309·6 1852·1 341·1 1609·4 215·8 <0·001

Energy intake/BMR ratio 1·07 0·29 1·12 0·33 1·03 0·24 0·100

Biochemical findings

Fasting plasma glucose (mg/dL) <0·001

Median 99·0 106·5 97·0

IQR 17·0 24·0 13·0

Insulin (μU/mL). <0·001

Median 10·1 11·3 7·9

IQR 6·1 6·2 5·1

HOMA-IR. <0·001

Median 2·49 3·37 1·80

IQR 2·26 2·29 1·37

Total cholesterol (mg/dL). 193·6 42·9 214·1 41·5 172·9 33·6 <0·001

HDL-cholesterol (mg/dL). 51·3 12·8 46·2 11·9 56·5 11·7 <0·001

TAG (mg/dL). <0·001

Median 127·3 165·2 88·9

IQR 97·3 112·5 67·5

Alanine aminotransferase (U/L). <0·001

Median 24·3 39·4 15·4

IQR 25·8 39·6 9·7

Aspartate aminotransferase (U/L). <0·001

Median 21·4 26·4 16·6

IQR 13·0 15·5 6·9

IQR, interquartile range; HOMA-IR, homeostatic model assessment index; PAL, physical activity level.
*Student’s t-test or Mann–Whitney U test.
†χ2 test.
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Protein intake was lower among cases and was associated with
higher odds of MASLD in initial models; however, this association
was attenuated after adjustment for BMI, suggesting a potential
mediating role of adiposity. This finding is consistent with previous
studies reporting lower protein intake was associated with higher
odds of MASLD(42). Proteins play a key role in hepatocyte
regeneration and may help prevent steatosis through their amino
acid composition(43). A meta-analysis reported no significant
difference in total protein intake between MASLD and controls,
although differences in protein sources were observed(40).

Although the contribution of fat to total energy intake was
lower among cases, growing evidence suggests that fat quality may
be more important than total fat quantity in MASLD(39). In this
study, lower intake of unsaturated fatty acids (MUFA and PUFA)
and a higher n-6/n-3 ratio were observed among cases, both of
which may contribute to adverse metabolic outcomes. MUFA, a
key component of the Mediterranean diet, may reduce lipogenesis
and increase fatty acid oxidation, while PUFA are known to

modulate lipid metabolism and inflammatory pathways through
mechanisms involving hepatic PPARα activation(7,38). A lower
dietary n-6/n-3 ratio has been associated with reduced accumu-
lation of oxidised linoleic acid metabolites, which are implicated in
the development of hepatosteatosis(10,27).

Ca intake was lower among cases, whichmay be related to lower
dairy consumption. Ca has been associated with increased fat
oxidation and may be beneficial in the context of MASLD(33).

Multivariable models and interpretation

Multivariable analyses provided further insight into these associ-
ations. The attenuation of the relationship between protein intake
and MASLD after BMI adjustment suggests that adiposity may
mediate this association. In contrast, associations for fish, legumes
and fruit consumption remained significant, indicating potential
effects beyond body weight, possibly through improvements in
insulin sensitivity, inflammation and lipid metabolism.

The stronger association observed for low dairy consumption
after BMI adjustment should be interpreted cautiously due to the
wide confidence interval, suggesting limited precision and
potential residual confounding and highlighting a complex rela-
tionship between dairy consumption, adiposity and MASLD.

Validity of dietary assessment

The EI/BMR ratios in both groups were below the commonly
accepted cut-off (~1·35)(44), suggesting potential underreporting of
dietary intake. This is consistent with previous literature indicating
that underreporting is a common limitation of self-reported
dietary assessment methods(45). In addition, BMR was estimated
using the Harris–Benedict equation, which may have limited
accuracy in individuals with obesity. Alternative equations, such as
the Mifflin–St Jeor equation(46), may provide more accurate esti-
mates in such populations. Therefore, potential inaccuracies in
BMR estimation should be considered when interpreting the EI/
BMR ratio.

Dietary patterns and guidelines

International guidelines emphasise the importance of dietary
modification in MASLD management. The EASL–EASD–EASO
Clinical Practice Guidelines recommend dietary patterns con-
sistent with the Mediterranean diet, characterised by higher
consumption of olive oil, fruits, vegetables, legumes, fish and whole
grains and reduced intake of refined sugars(1).

Some of the observed dietary patterns in this study are con-
sistent with key components of the Mediterranean diet, suggesting
that these habits may be associated with lower odds of MASLD.
However, not all components were reflected in the findings, as no
significant differences were observed for vegetable intake or
saturated fat consumption.

Beyond individual nutrients and food groups, the observed
differences may reflect broader dietary pattern differences. While
the Mediterranean diet represents one well-established example,
similar features are also emphasised in other dietary patterns such
as the DASH diet, which promotes higher consumption of legumes
and fruit and lower intake of added sugars(47), and the MIND diet,
which emphasiaes higher consumption of olive oil, fish and
legumes(48). As dietary pattern indices were not formally assessed,
this interpretation should be considered exploratory.

Table 3. Eating habits of the participants

Total
(n 111)

Cases
(n 56)

Controls
(n 55)

Characteristics n % n % n % P*

Regular breakfast
consumption

0·002

Everyday 80 72·1 33 58·9 47 85·5

Sometimes/never 31 27·9 23 41·1 8 14·5

Eating speed 0·181

Slow 19 17·2 8 14·3 11 20·0

Medium 46 41·4 20 35·7 26 47·3

Fast 46 41·4 28 50·0 18 32·7

Night eating 26 23·4 14 25·0 12 21·8 0·692

Frequency of
eating out

0·897

≥1 day/week 39 35·1 20 35·7 19 34·5

≤2 times/month 72 64·9 36 64·3 36 65·5

Preferred cooking
method

<0·001

Boiling, grilling,
baking

71 63·9 23 41·1 48 87·3

Frying, roasting 40 36·0 33 58·9 7 12·7

Preferred type of
fat

<0·001

Butter, margarine 46 41·4 38 67·8 8 14·5

Sunflower, corn oil 39 35·1 14 25·0 25 45·4

Olive oil 26 23·5 4 7·2 22 40·1

Salt preference 0·054

Unsalted, lightly
salted

33 29·7 12 21·5 21 38·2

Normal, very salty 78 70·3 44 78·5 34 61·8

Regular coffee
drinkers

82 73·8 36 64·3 46 83·6 0·020

n: Number, %: Percentage.
*χ2 test.
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Table 4. Daily energy and nutrient intake based on 3-d food records

Energy and nutrients

Total (n 111) Cases (n 56) Controls (n 55)

Mean SD Mean SD Mean SD P*

Energy (kcal) 1846·8 528.4 2034·4 547·2 1655·8 436.0 <0·001

Carbohydrate (g) 229·7 94·1 265·0 95·4 193·8 78·5 <0·001

Carbohydrate (%E) 49·6 8·9 52·5 8·1 46·6 8·8 <0·001

Free sugars (g) <0·001

Median 35·2 44·6 27·1

IQR 33·2 30·3 24·6

Fiber (g) 20·6 7·0 21·8 7·2 19·3 6·5 0·057

Protein (g) 70·0 18·9 73·3 20·1 66·7 17·1 0·068

Protein (g/kg) 0·85 0·28 0·77 0·27 0·93 0·26 0·002

Protein (%E) 0·003

Median 15·0 15·0 16·0

IQR 3·0 3·0 5·0

Fat (g) 69·6 19·3 73·1 21·4 66·0 16·4 0·055

Fat (%E) 34·4 7·5 32·5 7·3 36·4 7·3 0·006

Cholesterol (mg) 337·0 140·5 337·6 123·3 336·4 157·3 0·964

SFA (%E) 14·0 3·9 13·4 3·9 14·6 3·9 0·085

MUFA (%E) 12·1 3·1 11·2 2·7 12·9 3·3 0·005

PUFA (%E) 0·036

Median 5·6 5·2 6·0

IQR 2·4 2·1 2·5

ω-3 (g) 0·783

Median 1·4 1·4 1·4

IQR 0·7 0·6 0·8

ω-6 (g) 0·337

Median 9·8 10·2 9·5

IQR 3·8 3·2 4·2

ω-6/ω-3 ratio 7·2 3·0 7·8 3·1 6·6 2·7 0·032

Vitamin A (μg) 0·194

Median 755·8 728·3 803·8

IQR 483·2 559·7 400·6

Vitamin E (mg) 10·4 3·9 10·8 3·9 9·9 3·8 0·231

Vitamin K (μg) 109·3 81·5 110·4 83·2 108·2 80·5 0·888

Thiamine (mg) 0·087

Median 0·8 0·9 0·8

IQR 0·3 0·4 0·2

Riboflavin (mg) 1·26 0·42 1·22 0·42 1·31 0·42 0·258

Niacin (mg) 26·4 8·1 27·2 8·7 25·5 7·4 0·278

Vitamin B6 (mg) 1·18 0·39 1·20 0·44 1·16 0·33 0·516

Total folate (μg) 272·4 88·3 278·5 97·1 266·1 78·8 0·462

Vitamin B12 (μg) 0·168

Median 3·7 3·5 3·8

(Continued)
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Limitations and strengths

There are a few limitations that warrant discussion. The cross-
sectional design precludes causal inference. Dietary intake was self-
reported and may be subject to recall bias; in addition, the low EI/
BMR ratios observed in both groups suggest the presence of
underreporting. In addition, food subgroups such as yogurt,
cheese, red meat, green leafy vegetables and whole grains were not
evaluated separately, which may have limited the ability to detect
more specific associations.Multiple statistical tests were performed
without adjustment for multiple comparisons, which may increase
the likelihood of type I error and chance findings, particularly in
univariate analyses. Therefore, the findings should be interpreted
cautiously. Although the primary multivariable analyses were
based on a priori hypotheses, residual risk of false-positive findings
cannot be excluded. In addition, psychological factors (e.g. stress
and depression) and genetic predisposition were not assessed,
which may have influenced eating behaviours and metabolic
outcomes.

Despite these limitations, this study provides comprehensive
data on eating habits, nutrient intake and food group consumption
in relation to MASLD in a Turkish population, contributing to the
limited evidence available in this field.

Conclusion

This study identified several differences in dietary intake and
eating habits between individuals with MASLD and controls.
Lower consumption of dairy products, fish, legumes, fruit and olive
oil, together with higher carbohydrate intake, higher n-6/n-3 ratio,
lower intake of unsaturated fatty acids and less favourable eating
habits such as breakfast skipping and preference for frying and
roasting methods, was more common among individuals with
MASLD. In multivariable analyses, lower consumption of dairy
products, fish, legumes and fruit remained associated with higher
odds of MASLD even after adjustment for BMI.

Overall, the findings suggest that dietary patterns characterised
by lower diet quality, rather than isolated nutrients, may be

Table 4. (Continued )

Energy and nutrients

Total (n 111) Cases (n 56) Controls (n 55)

Mean SD Mean SD Mean SD P*

IQR 2·6 2·2 2·6

Vitamin C (mg) 86·8 40·6 80·7 38·4 93·0 42·1 0·113

Potassium (mg) 2281·9 602·5 2251·5 639·9 2312·9 566·2 0·593

Ca (mg) 631·4 187·9 593·4 176·1 670·1 193·3 0·031

Mg (mg) 0·391

Median 262·4 262·4 260·4

IQR 114·2 132·9 93·3

Fe (mg) 9·9 3·0 10·4 3·4 9·4 2·4 0·073

IQR, interquartile range; ω, omega; E, energy.
*Student’s t-test or Mann–Whitney U test.

Figure 2. Mean percentage adherence to TDG-
2022 recommendations across food groups.
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associated withMASLD.However, given the cross-sectional design
and the limitations related to dietary assessment, the findings
should be interpreted with caution. Further prospective studies and
randomised controlled trials are needed to clarify the relationships
between food groups, nutrient intake, eating habits, dietary pat-
terns and MASLD.
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