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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) represents a rising global health challenge, marked by excessive fat
deposition in the liver. The present case-control study sought to examine the relationship between intake of ultra-processed foods
(UPFs) and the risk of NAFLD.

Methods: Out of 1000 invited individuals, this case-control study included 225 newly diagnosed NAFLD cases (confirmed via
ultrasound) and 450 controls (aged 20-60 years) who underwent ultrasound screening to rule out hepatic steatosis. A validated
food frequency questionnaire was used to assess dietary intake, and UPF consumption was quantified both as grams per day and
as a percentage of total daily energy intake.

Results: The mean (SD) daily UPF consumption amounted to 147.5 (117.4) g, representing 15.4 (7.98)% of total energy intake. After
adjusting for potential confounders, UPF intake (kcal/d) showed a positive association with odds of NAFLD (OR=5.91; 95%Cl:
2.96-11.78; P for trend <0.001). A one-SD rise in UPF intake (SD=221 kcal/d, roughly equivalent to 117.4 g/d of UPF) was linked
to higher NAFLD odds (OR=1.96; 95% Cl: 1.63-2.41; P for trend<0.001). When UPF intake was considered as a percentage of
energy, the multivariable model revealed elevated NAFLD odds across tertiles (OR=2.27; 95% ClI: 1.26-4.10; P for trend <0.001).
In the fully adjusted model, each one-SD increment in UPF intake (SD=7.98% of energy/day) was significantly associated with
increased odds of NAFLD (OR=1.29; 95%Cl: 1.03-1.62; P for trend<0.001).

Conclusion: A higher consumption of UPF may be related to increased odds of developing NAFLD.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) ranks among
the most common chronic disorders of the liver, with
an estimated global prevalence of roughly 30% in adults,
although considerable geographic differences exist.! The
highest rates have been recorded in Latin America (44.4%),
followed by the Middle East and North Africa (MENA)
region (36.5%) and South Asia (33.8%).> According to

meta-analyses conducted in Iran, approximately 33%-
37% of the adult population is affected by NAFLD.** This
considerable disease burden is largely driven by rising
rates of obesity, type 2 diabetes, and sedentary behavior.>*

Ultra-processed foods (UPFs) now make up a major
part of modern dietary patterns and have been linked
to a range of chronic metabolic diseases.® Diets high
in UPFs typically contain more saturated fats, refined
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carbohydrates, and added sugars, and provide less
fiber, leading to excess energy intake and metabolic
disturbances.”® In addition, UPFs may alter gut
microbiota composition, promote intestinal dysbiosis and
permeability, and consequently contribute to hepatic fat
accumulation.*” Higher consumption of UPFs has been
also linked to insulin resistance, obesity, and metabolic
syndrome, which are key risk factors for NAFLD.”*!?
Recent research has explored the relationship between
UPF consumptionand thelikelihood of NAFLD."Findings
from Western and East Asian populations suggest that a
higher intake of UPFs is associated with an elevated risk of
NAFLD.”!121415 Eor instance, a study involving 143,073
participants from the UK Biobank cohort revealed that
over a 10.5-year follow-up period, individuals in the
highest quartile of UPF intake experienced a 26% higher
risk of severe NAFLD (defined as hospitalization or
death) relative to those in the lowest quartile.”” In line
with this, a US-based cohort study found that higher
UPF consumption was associated with an 83% increase
in the risk of NAFLD.” Additionally, the Tianjin cohort
study reported that each 62.7 g/day increment in UPF
consumption was associated with a 6% rise in the risk of
NAFLD." Furthermore, in obese adolescents, a high UPF
intake was linked to a 2.3-fold increase in NAFLD odds,
largely mediated by greater body fat.'* In Korean obese
youth, a 10% increase in UPF intake was linked to 37%
higher odds of moderate-to-severe NAFLD." Despite the
growing global evidence, research on this topic remains
limited in the MENA region, including Iran, where
dietary patterns differ substantially from those of Western

populations. A recent study among Iranian adults with
type 2 diabetes found that higher UPF consumption was
associated with greater odds of NAFLD."® However, data
in the general Iranian population are lacking.

Considering the high prevalence of NAFLD and the
increasing consumption of UPFs in Iran, this study aimed
to examine the association between UPF intake and the
likelihood of NAFLD in a sample of Iranian adults using
a case—control design. The primary exposure metric
in this study was UPF intake expressed as kcal/day. We
selected this metric because it reflects the absolute energy
contribution of UPFs to the diet and is commonly used in
case-control studies of nutritional epidemiology, allowing
direct comparison with previous literature. Additional
measures comprised UPF consumption expressed as
grams per day and as a proportion of total daily energy
intake. Our pre-specified hypothesis was that a greater
intake of UPFs (in kcal/day) would be linked to higher
odds of NAFLD.

Materials and Methods

As illustrated in Figure 1, a total of 225 individuals with
incident NAFLD and 450 healthy controls, all ranging
between 20 and 60 years of age, were enrolled in this case-
control investigation. The recruitment of participants
took place at the Metabolic Liver Disease Research Center
— a referral center affiliated with Isfahan University of
Medical Sciences. All participants underwent abdominal
ultrasonography using a GE Logiq S8 ultrasound system
(GE Healthcare, USA) equipped with a convex transducer.
Examinations were performed by an experienced

Individuals invited to
participate (n=1000)

[ Agreed to participate (n=683) ]

Did not participate
(n=317)

Lack of time

[ Assessed for eligibility ]

Excluded (n=8)

Implausible energy intake

reporting

NAFLD case

(n=225)

Control group

(n=450)

Figure 1. Schematic representation of participant recruitment and selection process in the present case-control study
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radiologist in hepatobiliary imaging. The radiologist was
blinded to participants’ dietary intake data and other
exposure variables related to the study hypothesis.

The diagnosis of hepatic steatosis was established using
well-defined ultrasonographic criteria. These included: (a)
a brighter echogenicity pattern in the liver relative to the
renal cortex; (b) progressive weakening of the ultrasound
beam as it passes through the liver; and (c) poor or
incomplete visualization of the intrahepatic vessels as
well as the diaphragm. Participants with ultrasonographic
evidence of hepatic steatosis were classified as NAFLD
cases, provided that other causes of liver disease and
significant alcohol consumption had been excluded.

Cases and controls were clinic-based and were recruited
through convenience sampling from individuals referred
to the same center for routine abdominal, pelvic, or
hepatobiliary ultrasonography. All individuals underwent
the same standardized ultrasound protocol. Controls
were eligible if they showed no ultrasonographic signs or
clinical symptoms suggestive of NAFLD.

Exclusion criteria were as follows: (1) adherence
to a specific diet; (2) history of chronic metabolic
disorders (e.g. diabetes or thyroid dysfunction) or
organ-specific diseases (e.g. kidney, cardiovascular,
gastrointestinal, or hepatic diseases, including Wilson’s
disease, autoimmune hepatitis, hemochromatosis, viral
hepatitis, and alcoholic fatty liver disease); (3) malignancy
or autoimmune conditions; (4) use of hepatotoxic or
steatogenic medications; (5) incomplete food frequency
questionnaire (FFQ) data (<35 items reported); and (6)
implausible energy intakes (<800 or>4200 kcal/day) (8
participants). Because our goal was to recruit incident
NAFLD cases, individuals with diabetes or other chronic
metabolic disorders were excluded from both groups to
minimize the likelihood of enrolling participants with
long-standing NAFLD. This criterion, while necessary
for identifying new cases, may limit generalizability to
diabetic populations.

Dietary Assessment

To assess usual dietary intake over the preceding year, we
employed a validated semi-quantitative food frequency
questionnaire (FFQ) comprising 168 food items *>%. This
FFQ has been validated in the Iranian adult population
and has demonstrated acceptable relative validity
compared with repeated 24-hour dietary recalls, as well
as good reproducibility over time. For each food item,
participants indicated how often they consumed it using
predefined frequency categories: “never,” “monthly,”
“weekly,” or “daily.” The reported portion sizes were
then transformed into grams using Iranian household
measures.”! Calculation of energy and nutrient intakes
was performed primarily by referring to the United States
Department of Agriculture (USDA) Food Composition
Table (FCT)?*; for traditional Iranian dishes not listed
in the USDA database, the Iranian FCT was used as the
source of nutritional data.” Finally, all frequency reports
were converted to average daily intake expressed as grams

Ultra-processed foods an_

per day.

Ultra-processed Food (UPF) Classification

UPF consumption was identified and quantified based
on the NOVA classification system.** The classification
of food items was guided by the NOVA food-group
definitions and examples provided in the supplementary
material of the reference study.” All FFQ items were
matched to the corresponding NOVA categories using
this published framework. The following food groups
were classified as UPFs (NOVA group 4): cereals-based
processed foods (cakes, biscuits, crackers, baguettes, toast,
pasta, noodles, and pizza); confectionery and sweetened
products (candies, sweets, chocolates, jam, caramel
cream, and ice cream); processed meats (hamburgers,
sausages, and other burgers); fried and savory snacks
(fried potatoes, potato chips, and puffs); dairy-based
processed items (creamy cheese, skim milk, cocoa milk,
and chocolate milk); condiments and sauces (mayonnaise,
margarine, hydrogenated fats, and tomato sauce); and
sugar-sweetened beverages (carbonated soft drinks and
canned juices). For each participant, UPF intake was
calculated in three ways: (1) absolute UPF intake (g/day),
obtained by summing the gram amounts of all FFQ items
classified as UPFs; (2) total energy intake from UPFs (kcal/
day), calculated by summing the caloric contribution
of all UPF items; and (3) the percentage contribution of
UPFs to total daily energy intake, calculated as (UPF kcal/
day + total daily kcal/day) x 100.

Assessment of Other Variables

A standardized questionnaire was employed to gather
sociodemographic information, which included age,
sex, medical history, medication use (categorized as yes
or no), smoking status (yes/no), and socioeconomic
status (SES) classified into three levels: low, moderate,
and high.” Physical activity levels were evaluated via
in-person interviews using the International Physical
Activity Questionnaire (IPAQ),* and the resulting data
were expressed as metabolic equivalents per week (MET's/
week).”?8 The full details of our measurement protocols,
coding of variables, and categorization methods have
been already described extensively in one of our earlier
publications.” Body weight was recorded with a calibrated
digital scale (Seca 707, Hamburg, Germany) to the nearest
0.1 kg, while participants wore lightweight clothing and
no shoes. Height was measured to the nearest 0.5 cm
using a portable stadiometer (Seca 208). Thereafter, body
mass index (BMI) was derived by dividing weight (in
kilograms) by the square of height (in meters).

Statistical Analysis

Statistical analyses were carried out using IBM SPSS
Statistics, version 21.0. To determine whether continuous
variables followed a normal distribution, we applied
the Kolmogorov-Smirnov test and also examined the
histograms visually. Continuous data are summarized
either as mean along with standard deviation (SD) or
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as median accompanied by interquartile range (IQR),
depending on their distribution. Categorical variables are
reported as percentages. For between-group comparisons,
normally distributed continuous variables were analyzed
using independent-samples t-tests, whereas categorical
variables were compared by means of Chi-square tests.

UPF intake was operationalized using two
complementary energy-based metrics, absolute UPF
energy intake (kcal/day) and the proportion of total
energy derived from UPF (% of total energy), defined a
priori to capture both total metabolic exposure and the
relative dietary contribution of UPF. Participants were
divided into tertiles according to their level of UPF intake.
To examine trends across these tertiles, linear regression
was applied for continuous variables, whereas Chi-
square tests were used for categorical ones. We employed
multivariable logistic regression models to calculate
odds ratios (ORs) along with their corresponding 95%
confidence intervals (CIs) for NAFLD across tertiles.
The crude model was unadjusted. Model 1 was adjusted
for age and sex, and Model 2 was further adjusted for
BMI, smoking status, physical activity, SES, and total
energy intake. For all statistical tests, a two-sided P-value
of less than 0.05 was considered to indicate statistical
significance.

Results

In the overall study sample, the average age was 38.1
years (SD=8.85), and the mean body mass index (BMI)
was 26.8 kg/m? (SD=4.31). The mean (SD) daily intake
of UPFs was 147.5 (117.4) g/day, which provided 325
(221) kcal/day, corresponding to 15.4% (7.98%) of total

energy intake. These SD values were used for estimating
“per-SD” odds ratios. In the case and control groups, the
mean (SD) ages were 37.8 (8.91) and 38.6 (8.71) years,
respectively, and the mean (SD) BMIs were 30.5 (4.02)
and 25.0 (3.09) kg/m>.

Table 1 presents the characteristics of participants
across tertiles of UPF intake. Mean age and the proportion
of smokers increased with higher UPF intake. Similarly,
mean fat intake (% of total energy), absolute UPF intake
(g/day), UPF contribution to total energy (%), and
calories from UPFs all increased across tertiles (P<0.05).
In contrast, carbohydrate and protein intake (% of total
energy) decreased with increasing UPF consumption
(P<0.05). There was no differences across tertiles for
other variables, including sex distribution, BMI, physical
activity, educational level, SES, or total daily energy intake.

Comparisons between case and control groups are
reported in Table 2. Participants with NAFLD had higher
mean BMI, daily energy intake, UPF consumption, and
smoking prevalence compared with controls (P<0.05).
Conversely, physical activity levels and the proportion
of individuals with high SES were lower in the case
group (P<0.05). There were no differences for age, sex
distribution, educational level, or macronutrient intake
(carbohydrates, protein, and fat) between cases and
controls.

The (ORs) along with their 95% (CIs) for NAFLD,
categorized by tertiles of absolute UPF intake (kcal/d)
and by the proportion of total energy derived from UPFs,
are displayed in Table 3.After adjustment for age and
sex, individuals in higher tertiles of UPF intake (kcal/d)
showed greater odds of NAFLD, with an OR of 4.64 (95%

Table 1. Participant characteristics by tertile categories of ultra-processed food intake

Tertiles of UPFs (% of energy)

Variables P-trend
T, (n=195) T, (n=238) T, (n=242)

Demographic data

Age, (year) 39.1+9.43 38.4+9.02 37.0+8.10 0.018

Sex (male) 50.3 53.8 54.5 0.644

Body mass index (kg/m?) 26.5+4.01 26.7+4.52 27.0+4.33 0.102

Physical activity (MET/h/week) 1355+803 1532+971 1398 +841 0.917

Smoking (yes) 2.6 2.5 7.0 0.024

Education level (Bachelor and higher, %) 47.2 46.2 52.9 0.974

Socio economic status 0.508

Low 29.2 24.8 30.6

Middle 39.5 40.8 34.7

High 31.3 34.5 34.7

Dietary intake

Energy intake (Kcal/d) 2217 £625 2173+582 2264 +656 0.303

Carbohydrate (% Kcal) 56.7+7.33 56.7+6.42 54.5+6.65 <0.001

Protein (% Kcal) 13.4£2.70 13.2+£2.14 13.1+£2.07 0.191

Fat (% Kcal) 29.8+7.14 30.0£6.49 32.3+6.71 <0.001

UPF (g/d) 70.4+41.2 125.7+54.8 231.2+148.1 <0.001

UPF (Kcal/d) 150.4+65.8 275.8+82.9 514.8+252.8 <0.001

UPF (percent of energy/d) 7.30+2.14 13.5+1.79 23.9+6.40 <0.001

UPF; Ultra-processed foods. Continuous variables are presented as mean (SD), whereas categorical variables are reported as percentages (%)
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CI: 2.93-7.33; P for trend< 0.001). In the fully adjusted
multivariable model, adjusted for age, sex, BMI, smoking
status, physical activity, SES, and total energy intake, the
positive association between UPF consumption (kcal/d)
and NAFLD became even stronger, yielding an OR of 5.91
(95% CI: 2.96-11.78; P for trend< 0.001). Furthermore,
each increment of one SD in UPF intake (kcal/d) was

Table 2. Characteristics of the study population according to case and control
status

Non-NAFLD NAFLD

Variables (n1=450) (n=225) P value*
Demographic data

Age, (year) 37.9+8.9 38.6+8.7 0.296

Sex (male) 51.8 55.6 0.354

Body mass index (kg/m?) 25.0+3.0 30.5+4.0 <0.001
;Zy:li)ca] activity (MET/mIn—4590.949 11192616 <0.001
Smoking (yes) 2.7 7.1 0.006

Eidguhc::if;; level (Bachelor and 478 449 0478

Socio economic status

Low 31.6 21.3

Middle 40.4 33.8 <0.001
High 28 449

Dietary intake

Energy intake (Kcal/d) 2170+625 2315+606 0.004

Carbohydrate (% Kcal) 55.9+6.5 55.9+7.4 0.913

Fat (% Kcal) 30.83+6.54 30.8+7.4 0.939

Protein (% Kcal) 13.2+2.2 13.2+2.4 0.924

UPF (g/d) 120.1+82.8 202.4+152.4 <0.001
UPF (Kcal/d) 279.1+£176.5 417.6+269.2 <0.001
UPF (percent of energy/d) 14.5+7.55 17.2+8.51 <0.001

UPF; Ultra-processed foods.

Continuous and categorical variables are presented as mean=SD and
percentage (%), respectively.

*P values were calculated by means of the independent-samples t-test (for
continuous variables) and the Chi-square test (for categorical variables).

associated with elevated odds of NAFLD (OR=1.96; 95%
CI: 1.63-2.41; P for trend < 0.001).

When UPF intake was considered as a percentage of
total energy intake, the model adjusting for age and sex
revealed an increase in the odds of NAFLD across rising
tertiles (OR =2.08;95% CI: 1.36-3.19; P for trend = 0.003).
After additional adjustment for multiple covariates in the
multivariable model, the positive association remained
statistically significant (OR=2.27; 95% CI: 1.26-4.10; P
for trend <0.001). Finally, in the fully adjusted model,
each one-SD increment in UPF intake (expressed as
percentage of energy per day) was significantly related to
higher odds of NAFLD (OR=1.29; 95% CI: 1.03-1.62; P
for trend <0.001).

Discussion

In this case-control study, after controlling for potential
confounders, including age, sex, BMI, smoking, physical
activity, SES, and total energy intake, a high level of UPF
consumption was observed to be possibly associated with
higher odds of NAFLD in Iranian adults.

As BMI may occupy an intermediate position in the
causal relationship between UPF intake and NAFLD,
adjusting for this variable could lead to overadjustment
bias. Therefore, we presented models both with and
without BMI. The persistence of significant associations
across all models, together with the slightly stronger
estimates after BMI adjustment, suggests that BMI may
not fully mediate the relationship but may also confound
part of the association. Interpretation of BMI-adjusted
estimates should therefore be made with caution. Notably,
the stronger association observed after adjustment for
BMI may reflect a suppression (negative confounding)
effect, whereby BMI partially masked the true relationship
between UPF intake and NAFLD in the age- and sex-
adjusted model.

Our findings indicate that individuals with NAFLD
tend to follow less healthy lifestyle patterns. As a

Table 3. Odds ratios (95% ClI) for non-alcoholic fatty liver disease according to UPF tertiles and per one-SD increase in UPF consumption

OR (95% CI) of NAFLD

Dietary indices

Tertile 1 Tertile 2 Tertile 3 P trend* Per one SD P Value
UPF (Kcal/d)
Median score 130.0 243.0 428.0 221.0
Cases (n=225) / Controls (n=450) 30/150 56 /149 139/151
Crude model 1.00 (Ref) 1.87 (1.14 - 3.09) 4.60 (2.92 — 7.25) <0.001 1.97 (1.62 — 2.39) <0.001
Model 1* 1.00 (Ref) 1.88 (1.14 - 3.10) 4.64 (2.93 - 7.33) <0.001 1.98 (1.63 — 2.41) <0.001
Model 2* 1.00 (Ref) 2.57(1.29-5.13) 5.91 (2.96 - 11.78) <0.001 1.96 (1.63 —2.41) <0.001
UPF (Percentage of energy/d)
Median score 7.6 13.6 22.6 7.98
Cases (n=225) / Controls (n=450) 45/150 88/150 92 /150
Crude model 1.00 (Ref) 1.95 (1.27 - 2.99) 2.04(1.34-3.11) 0.003 1.38 (1.17 - 1.62) <0.001
Model 1* 1.00 (Ref) 1.96 (1.28 —3.00) 2.08 (1.36-3.19) 0.002 1.39(1.18 - 1.63) <0.001
Model 2* 1.00 (Ref) 1.89 (1.05 -3.38) 2.27 (1.26 - 4.10) <0.001 1.29 (1.03 - 1.62) <0.001

UPF; Ultra-processed foods.
*Model 1: adjusted for age and sex

* Model 2: adjusted for model 1 and body mass index, smoking, physical activity, socio-economic status, and dietary intake of energy
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multifactorial disease, NAFLD is influenced by dietary
habits and lifestyle choices.® In recent decades, global
lifestyle changes, including increased consumption of
calorie-dense foods, higher rates of smoking, and reduced
physical activity, have contributed to a rising prevalence
of metabolic disorders.*>*' NAFLD is also closely linked
to obesity, with longitudinal studies demonstrating that
weight gain over the life course significantly increases the
risk of developing NAFLD.*>*

Consistent with previous research, participants with
NAFLD in our study reported poor dietary habits.
According to the findings of Bashir et al., among
individuals with NAFLD, over 65% reported a high intake
of fried foods, fast foods, and sugar-sweetened beverages;
conversely, their consumption of fruits and vegetables was
inadequate, and they engaged in limited regular physical
activity.** Another study reported an inverse relationship
between NAFLD and adherence to healthy dietary
patterns, alongside a direct association with consumption
of regional snacks.” In non-obese individuals, Kwak et
al. identified low carbohydrate intake and insufficient
physical activity as independent predictors of NAFLD.*
Furthermore, a meta-analysis confirmed the association
observed between smoking and NAFLD, potentially
mediated through changes in body fat distribution,
oxidative glucose metabolism, elevated plasma free fatty
acids, and insulin resistance.”” Socioeconomic status also
appears to influence NAFLD risk, as shown in Iranian and
Korean populations.’®*

Given the high prevalence of NAFLD and the limited
availability of targeted treatments, dietary quality
has become a key focus for disease prevention and
management. Our results support this perspective,
demonstrating that higher UPF intake is related to
greater odds of NAFLD. Zhao et al. reported similar
findings, linking UPF consumption to NAFLD risk in
both adolescents and adults, primarily through increased
body fat.' Song et al. highlighted the harmful effects of
UPFs on liver health, particularly in promoting steatosis,
although their relationship with fibrosis remains less
clear* Findings from a prospective cohort study
conducted in the UK further revealed a direct relationship
between higher consumption of UPF and an elevated risk
of NAFLD."”

Several mechanisms may underlie these associations.
UPFs can induce intestinal dysbiosis by promoting the
growth of pro-inflammatory microorganisms, while
additives and packaging chemicals, such as monosodium
glutamate, bisphenol A, and artificial sweeteners, can
disrupt the gut microbiome, impair the intestinal mucus
barrier, and trigger systemic inflammation via the gut-
liver axis.*** Endocrine disruptors, including dioxins,
bisphenol A, and phthalates, may further contribute to
hepatic insulin resistance and NAFLD development.*
From a nutritional standpoint, UPFs are generally
characterized by high energy density, elevated levels of
added sugars and saturated fats, as well as insufficient
amounts of dietary fiber, protein, several micronutrients

(including potassium, zinc, and magnesium), and various
vitamins (such as A, C, D, E, B12, and niacin). These
dietary features are, in turn, associated with obesity
and type 2 diabetes—both of which are well-established
major risk factors for NAFLD.**® In addition, UPFs are
rich in advanced glycation end products (AGEs) due to
high sugar, fructose, and fat content, as well as industrial
high-temperature cooking methods, which may promote
NAFLD."* According to Quetglas-Llabrés et al.,
individuals with metabolic syndrome who have high UPF
intake display a more pro-oxidant and inflammatory
state, which probably stems from AGE formation.”**!

To the best of our knowledge, this investigation
represents the first assessment of the relationship between
UPF consumption and NAFLD odds among the general
adult population of Iran. Key strengths of the present
work are a substantial sample size, application of a
validated FFQ, and enrollment of both cases and controls
from a single center to enhance comparability. We also
adjusted for multiple potential confounders to reduce bias.
However, several limitations should be acknowledged.
First, because of the case-control nature of the present
work, causal relationships cannot be established. Reverse
causation, where the presence of disease influences dietary
recall or habits, is a potential concern in case-control
studies; however, because we included only incident
NAFLD cases (newly diagnosed), the possibility of
reverse causation (i.e. dietary changes due to pre-existing
disease) is substantially reduced. Second, selection bias
may have been introduced, as controls were recruited
from the same clinical setting. Third, use of an FFQ for
dietary assessment introduces the potential for recall bias
and measurement error, as it relies on participants’ long-
term memory. Although we cannot completely eliminate
this issue, we used a validated FFQ to minimize this
limitation. Fourth, outcome misclassification is another
potential limitation. Although ultrasound is a widely
accepted tool for NAFLD diagnosis, it has imperfect
sensitivity, particularly for mild hepatic steatosis.
Consequently, some individuals with mild NAFLD may
have been misclassified as controls (non-differential
misclassification). This type of misclassification typically
biases the association toward the null, meaning that the
true odds ratio between UPF intake and NAFLD is likely
stronger than what we observed.

Fifth, the generalizability of our findings is subject to
limitation. This study was conducted at a single referral
center in Iran, which may limit the representativeness of
the sample to the general population. Referral and selection
biases may exist, as individuals referred to this center may
differ from those in other healthcare settings or the general
population. However, use of a referral center strengthens
internal validity by ensuring standardized diagnostic
procedures and reducing heterogeneity. Additionally,
we excluded individuals with certain comorbidities (e.g.
viral hepatitis, alcoholic liver disease, other chronic liver
diseases) to reduce confounding. Although this exclusion
enhances internal validity, it might limit the applicability
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of our findings to NAFLD patients presenting with
such comorbidities. Hence, caution is warranted when
extrapolating our results to other populations or clinical
contexts.

Conclusion

In conclusion, our findings suggest that a dietary pattern
high in UPFs may be linked to a higher likelihood
of NAFLD in Iranian adults, independent of major
confounders. The present findings should be regarded as
associative rather than causal; consequently, additional
prospective cohort investigations are required to verify
this relationship and to clarify the biological mechanisms
that underlie it.
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